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ABSTRACT 

Rapid  and  simple  polarographic  methods  are  presented  for  qualitative 
and  quantitative  evaluation  of  various  groups  of  antibiotics.  The  groups 
studied  were  tetracyclines,  streptomycins,  chloramphenicol,  neomycin 
sulphate,  erythromycins,  penicillins,  oleandomycins,  bacitracin  and 
polymyxin.  It  was  found  possible  to  differentiate  between  groups  of 
antibiotics  and  also  to  differentiate  between  individual  members  of  the 
same  group  by  observation  of  the  half-wave  potential  in  the  individual 
circumstances . 

The  validity  of  the  polarographic  determination  as  a  measure 
of  the  potency  of  most  antibiotics  has  been  established  by  comparative 
microbiological  assay  and  comparison  of  degraded  antibiotics.  It  was 
not  possible  because  of  the  unavailability  of  a  suitable  organism  to 
compare  bacitracin.  Chloramphenicol  could  not  be  degraded  by  stages  by 
the  method  used  for  degradation  and  comparison  was  not  possible.  Since 
the  polarographic  technique  to  measure  penicillins  involved  complete 
hydrolysis  to  inactive  materials,  microbiological  comparison  could 
not  be  carried  out  for  this  group  of  antibiotics. 

The  polarographic  methods  under  appropriate  conditions  have 
been  successfully  applied  to  the  quantitative  evaluation  of  antibiotics 
present  in  a  number  of  commercial  pharmaceutical  preparations.  Certain 
representative  pharmaceutical  preparations  were  examined  and  both  qualita¬ 
tive  and  quantitative  measurements  were  made  in  the  following  antibiotics: 
tetracycline  hydrochloride,  chlorotetracycline  hydrochloride,  demethyl 
chlorotetracycline  hydrochloride,  oxytetracycline  hydrochloride,  calcium 
diterramycin,  chloramphenicol,  erythromycin  ethyl  succinate  and  triacetyl 
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oleandomycin.  The  pharmaceutical  preparations  used  were  in  a  variety  of 
dosage  forms  such  as  tablets,  capsules,  ointments,  syrups,  powder  and 
injectable  solutions. 

In  pharmaceutical  preparations,  a  careful  evaluation  of  the 
effect  of  known  as  well  as  possible  added  materials.,  solvents,  etc.  was 
made  and  the  results  are  reported.  It  was  found  that  lactose,  sucrose, 
glucosamine,  N-acetyl  glucosamine,  magnesium  stearate, stearic  acid, 
boric  acid,  calcium  sulphate,  starch,  methyl  paraben,  propyl  paraben, 
citric  acid,  caffeine  and  sodium  citrate  did  not  affect  the  quantitative 
measurement  of  the  antibiotics  under  the  conditions  used.  In  those 
cases  where  there  was  slight  rise  or  wave  in  the  regions  of  the  waves 
of  the  antibiotics,  either  the  effect  was  insignificant  because  of  their 
very  low  proportion  in  the  pharmaceutical  preparations  or  could  be 
eliminated  satisfactorily.  In  no  case  was  it  impossible  to  eliminate 
the  interference  for  satisfactory  measurement  of  the  antibiotics. 

The  significance  of  the  polarographic  method  to  the  quantitative 
analysis  of  the  pharmaceutical  preparations  is  discussed. 
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The  therapeutic  importance  of  the  antibiotics  in  the  treatment 
of  infectious  diseases  of  man  is  widely  known.  Increasingly  they  are  also 
being  used  for  treating  animal  diseases;  and  their  inclusion  in  animal 
feeds  has  become  common  practice.  The  use  of  antibiotic  drugs  more 
recently  for  plant  diseases  has  resulted  in  the  position  of  antibiotics 
becoming  universal  in  the  field  of  chemotherapy.  New  antibiotics 
continue  to  be  discovered  which  are  effective  in  the  treatment  of  a 
variety  of  conditions  and  exhibit  greater  degrees  of  specificity. 

Numerous  methods  for  the  assay  of  antibiotics  have  been 
described  in  the  literature  (1,14,36,54,67  and  91)  and  there  have  been 
many  modifications  of  these  various  methods  (15,24,44,45,59  and  74). 

It  is  apparent  that  there  is  no  single  method  which  has  been  found  to 
be  applicable  to  the  estimation  of  antibiotics  as  a  class  of  drugs. 

The  various  microbiological  methods  as  well  as  most  of  the 
chemical  methods  which  have  been  used  are  very  lengthy  and  tedious. 

Some  are  non-specific,  which  becomes  particularly  important  when  mixtures 
or  pharmaceutical  preparations  are  to  be  analysed.  Microbiological 
methods,  it  is  recognized,  suffer  from  a  lack  of  accuracy  and  may 
result  in  percentage  errors  up  to  ±10-157o.  In  many  of  the  chemical 
methods  an  error  of  ±3-57>  is  to  be  expected,  often  because  of  inter¬ 
ference  by  other  substances. 

It  was  a  major  consideration  in  the  work  reported  here  to 
develop  a  single  method  for  the  determination  of  a  number  of  antibiotics. 
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To  be  a  valuable  addition  to  the  present  methods  it  must  be  rapid, 
simple,  reliable  and  result  in  a  degree  of  accuracy  at  least  as  good 
and  preferably  better  than  other  methods  now  available. 

Polarography  has  been  used  successfully  in  many  fields  of 
microassay.  It  was  decided  to  explore  the  possibility  of  the  application 
of  the  polarographic  method  to  the  measurement  of  antibiotics,  both  as 
chemically  pure  substances,  and  as  ingredients  in  pharmaceutical  pre¬ 
parations.  An  evaluation  of  the  effects  of  the  presence  of  other 
ingredients  in  the  pharmaceutical  preparations  and  the  elimination  of 
interfering  substances  was  a  part  of  this  study. 

Since  it  is  of  particular  importance  to  measure  the  anti¬ 
biotics  in  terms  of  its  activity,  rather  than  concentration  alone,  it 
was  a  further  purpose  of  this  work  to  determine  the  relationship  between 
measurement  of  concentration  by  this  method  and  the  measurement  of 
pharmacological  activity  by  microbiological  method  and  therefore  to 
determine  the  effect  of  degradation  of  the  active  antibiotic  on  the 


measurement  method. 
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Antibiotics  have  been  measured  for  the  purposes  of  quality 
control  and  dosage  formulations  by  various  methods.  Microbiological 
methods  are  the  recognized  and  approved  methods  for  pharmaceutical 
analysis.  Various  chemical  methods  have  been  developed  to  increase 
the  reliability  of  the  measurements  and  have  been  used  in  place  of  the 
conventional  microbiological  methods  provided  they  have  shown  good 
correlation  with  the  latter  methods  with  respect  to  pharmacological 
activity. 

A.  MICROBIOLOGICAL  METHODS 

The  earliest  methods  of  assaying  antibiotics  were  the  micro¬ 
biological  methods.  The  continuation  of  these  as  the  recognized 
official  methods  is  based  on  the  fact  that  here  the  pharmacological 
activity  is  measured  directly.  All  antibiotics  can  be  measured  by 
microbiological  methods  provided  a  suitable  microorganism  sensitive 
to  the  antibiotic  is  available.  Grove  and  Randall  have  described 
various  microbiological  assay  methods  for  individual  antibiotics  in 
their  compilation  of  "Assay  Methods  of  Antibiotics "( 1) . 

The  basis  of  all  the  microbiological  assays  is  the  simple 
comparison  of  inhibition  of  the  growth  of  susceptible  microorganisms 
produced  by  a  known  concentration  of  the  standard  preparation  with 
that  produced  by  a  measured  concentration  of  the  sample  being  tested. 
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The  commonest  procedures  in  the  microbiological  methods 
include  (i)  Paper  Disc  Method,  (ii)  Cylinder-Plate  Method,  and 
(iii)  Turbidimetric  Method. 

In  the  paper  disc  method  circular  filter  paper  discs  are 
soaked  with  the  antibiotic  solution  and  then  placed  on  the  agar  media, 
contained  in  a  petri  dish,  which  has  already  been  seeded  with  a 
sensitive  test  organism.  The  antibiotic  will  diffuse  into  the  media 
and  inhibit  the  growth  of  the  organism  surrounding  the  paper  disc. 

The  cylinder  plate  method  (2-4)  is  exactly  the  same  as  the 
paper  disc  method  except  that  the  antibiotic  solution  is  contained  in 
open  ended  cylinders  placed  upright  on  the  agar  media.  The  solution 
diffuses  out  and  produces  the  inhibition. 

The  turbidimetric  method  (5-7)  is,  on  the  other  hand,  based 
on  the  ability  of  the  organism  to  grow  in  a  culture  broth  in  the 
presence  of  a  certain  concentration  of  an  antibiotic.  The  degree  of 
turbidity  produced  by  an  unknown  concentration  of  the  antibiotic  is 
compared  with  that  of  a  known  concentration  of  the  standard  preparation 
in  a  suitable  turbidimeter  .  The  turbidity  will  increase  with  a 
decrease  in  concentration  of  the  antibiotic  or  decreased  effectiveness 
of  the  antibiotic. 

The  microbiological  assay  methods  have  undergone  various 
modifications  both  in  the  technique  as  well  as  in  method  of  calculation 
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in  order  to  improve  the  efficiency,  sensitivity,  accuracy  and  re¬ 
producibility  of  the  methods  (8-12). 

Kirshbaum  and  Arret  (13)  have  compiled  a  table  in  which  are 
listed  the  details  required  for  some  36  different  bioassay  methods  for 
antibiotics  including  a  total  of  17  of  the  most  commonly  used  antibiotics. 

It  is  obvious  that  the  main  advantages  of  the  microbiological 
methods  are  their  sensitivity  and  ability  to  directly  measure  the 
pharmacological  activity  of  the  antibiotic  on  a  susceptible  organism. 

Such  methods  are  also  usually  insensitive  to  the  presence  of  similar  but 
pharmacologically  inactive  contaminants  or  degradation  products. 

There  are,  however,  a  number  of  serious  disadvantages. 

Although,  most  sensitive,  the  method  is  too  time  consuming  to  be  suit¬ 
able  for  routine  analysis  in  industry,  and  secondly,  it  fails  in  the 
case  of  a  mixture  of  antibiotics  such  as  are  present  in  some  pharma¬ 
ceutical  preparations,  since  the  inhibitory  effects  will  be  additive 
for  the  individual  components,  and  thus  a  previous  separation  is 
necessary.  Although  a  number  of  modifications  to  increase  the  accuracy 
have  been  made,  the  variation  between  replicates  is  unduly  large  and 
a  serious  drawback.  The  percentage  error  for  microbiological  methods 
is  ±10-157o,  which  is  too  large  for  satisfactory  quantitative  purposes. 

For  these  various  reasons,  the  microbiological  methods  have  been  and 
are  constantly  being  replaced  wherever  a  reliable  chemical  method  has 


been  forthcoming. 
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B  .  CHEMICAL  METHODS 

Following  the  discovery  of  a  new  antibiotic,  a  micro¬ 
biological  test  is  normally  the  only  immediately  available  method 
for  its  measurement.  But  as  the  structure  of  the  antibiotic  becomes 
known,  methods  based  on  its  chemical  properties  begin  to  be  developed. 

There  have  been,  as  a  result,  numerous  chemical  methods 
applied  to  the  assay  of  antibiotics.  The  success  of  any  such  method 
depends  upon  its  ability  to  correlate  well  with  the  results  obtained 
by  microbiological  methods.  Since  chemical  methods  are  based  on  a 
reaction  involving  some  portion  or  all  of  the  molecular  structure,  it 
is  always  possible,  indeed  probable,  that  degradation  products,  which 
are  generally  inactive,  may,  because  of  only  minor  molecular  changes, 
also  give  the  same  reaction  and  thus  be  measured  together  with  the 
potent  compound.  Thus  most  chemical  methods  may  give  an  inaccurate 
estimation  of  the  amount  of  the  active  antibiotic  present. 

Grove  and  Randall  have  described  chemical  assay  methods  for 
a  number  of  antibiotics  in  their  monograph  (1). 

Colorimetry  is  probably  the  earliest  chemical  method  applied 
to  the  determination  of  most  of  the  antibiotics.  This  method,  which  is 
based  on  the  production  and  measurement  of  some  color  produced  by  a 
reaction  between  some  portion  of  the  molecule  and  a  specific  reagent, 
generally  suffers  from  simple  interference  from  many  substances 
containing  similar  functional  groups  in  their  molecules.  To  reduce 
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such  interference  spectrophotometric  methods  have  been  developed  and 
with  a  fair  degree  of  success.  In  some  cases  where  antibiotics  them¬ 
selves  produce  fluorescence  or  do  so  after  reacting  with  some  reagents 
fluorimetry  has  found  valuable  applications. 

Since  most  of  these  methods  suffer  seriously  from  inter¬ 
ference  when  applied  to  formulations,  interest  has  been  focussed  on 
developing  chromatographic  techniques  for  separation  of  the  active 
principles  prior  to  actual  determination.  Volumetric  methods  have 
also  found  some  application  in  a  number  of  titratable  antibiotics 
but  success  has  been  limited  because  of  various  unavoidable  factors  in 
volumetric  analysis.  In  a  few  cases  (101)  gravimetric  methods  of 
analysis  have  been  employed  with  some  success. 

Because  of  the  numerous  chemical  methods  that  have  been 
developed  and  the  many  improvements  to  these  methods  which  are 
constantly  being  made  the  survey  of  chemical  methods  will  be  limited 
to  those  most  recently  reported. 

I.  Tetracyclines 

All  the  tetracyclines  contain  the  same  phenolic  hydroxyl 
group  and  they  all  react  with  reagents  like  ferric  chloride  to  give 
a  measurable  color  (1).  On  heating  with  hydrochloric  acid,  chlorotetra- 
cycline  and  tetracycline  both  give  a  yellow  color.  Tetracycline  and 
oxytetracycline  also  give  the  same  yellow  color  on  the  addition  of 
alkali.  Chlorotetracycline  under  similar  conditions  gives  a  very 
unstable  color  (1). 
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Based  on  these  properties  there  have  been  methods  developed 
for  the  assay  of  all  the  tetracyclines.  Monas tero,  Means,  Grenfell 
and  Hedger  (14)  early  in  1951  developed  a  colorimetric  method  for  the 
measurement  of  oxy tetracycline  based  on  the  orange-brown  color  pro¬ 
duced  with  ferric  chloride.  The  same  group  of  workers  also  developed 
a  spectrophotometric  method  (14)  based  on  the  yellow  color  produced 
by  oxy tetracycline  on  treatment  with  alkali. 

Yaskina  and  Filichkina  (15)  in  1962  described  a  modification 
of  the  ferric  chloride  method  (14)  in  which  ferrous  chloride  was 
used  for  the  determination  of  chlorotetracycline  HC1.  Kerenyi  (16) 
in  1958  reported  another  colorimetric  method  for  oxy tetracycline 
employing  extraction  with  butanol  followed  by  treatment  with  ferric 
nitrate.  A  new  quantitative  color  test  for  differentiation  of 
tetracycline,  chlorotetracycline  and  oxytetracycline  was  developed 
by  Terai  (17),  in  which  a  solid  sample  or  an  evaporated  residue  of 
the  test  solution  was  treated  with  a  few  drops  of  cooled  97.07> 
sulphuric  acid  in  a  porcelain  microcrucible.  The  presence  of  tetra¬ 
cycline,  chlorotetracycline,  or  oxytetracycline  is  indicated  by 
reddish-violet,  indigo  or  rose-purple  color  respectively.  Wesley- 
-Hadzija  and  Fogec  (18)  used  diazobenzene  sulfonic  acid  to  produce 
a  yellow  color  with  oxytetracycline.  Murai  (19)  independently 
developed  a  method  based  on  a  reaction  with  indophenol  which  measured 
both  tetracycline  and  chlorotetracycline  in  a  mixture  of  these  two. 
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Princeps  (20),  at  about  the  same  time,  described  a  method 
giving  five  specific  reactions  for  identification  and  simultaneous 
colorimetric  measurement  of  all  the  tetracyclines.  Uno  and  Morishita 
(21)  utilized  the  chelate  formation  between  diphenyl  borinic  acid 
and  tetracycline,  chlorotetracycline  and  oxy tetracycline  for  color¬ 
imetric  measurement  of  each  of  these  antibiotics  at  different 
wave  lengths.  The  determination  of  tetracycline  and  chlorotetracycline 
in  a  mixture  was  also  done  by  Kolusheba  and  Koen  (22) .  The  method  was 
a  combination  of  the  method  for  the  determination  of  tetracycline 
as  given  in  the  USP  (5)  and  the  colorimetric  method  for  chlorotetra¬ 
cycline  reported  by  Levine,  Garlock  and  Fischback  (23) . 

Kakemi,  Arita,  Sezaki  and  Nadai  (24)  described  another  im¬ 
proved  colorimetric  method  for  the  determination  of  tetracycline  using 
p-nitro  benzene  diazonium  chloride  as  the  reagent.  A  colorimetric 
method  reported  by  Bellotti  and  Mossini  (97)  for  determining  tetra¬ 
cycline  in  the  presence  of  oleandomycin  will  be  mentioned  later 
(page  22). 

Color  developed  in  all  the  colorimetric  methods  is  either 
completely  pH  dependent,  not  very  stable  or  suffers  from  interference. 
Many  of  these  methods  require  lengthy  procedures  of  extraction, 
digestion,  etc. 

To  reduce  the  somewhat  uncertain  nature  of  the  colorimetric 
methods  many  workers  have  tried  spectrophotometric  methods.  Chiccarelly, 
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Woolford  and  Avery  (25)  described  in  1959  a  spectrophotometric  method 
for  simultaneously  determining  tetracycline  HC1  and  chlorotetracycline 
HC1  using  two  different  wave  lengths. 

Robert  (26)  developed  another  spectrophotometric  method 
for  measuring  tetracycline,  chlorotetracycline  and  oxy tetracycline 
using  procaine  as  the  color  reagent.  Separate  peaks  occurred  at 
three  different  wave  lengths,  one  for  each  of  the  forms  of  tetracycline. 
Garrett  (27)  in  the  course  of  his  investigation  of  the  stability  of 
tetracyclines,  used  a  spectrophotometric  method  for  the  measurement 
of  tetracyclines.  Shah,  Raman  and  Shah  (28)  reported  in  1963  a 
spectrophotometric  method  for  the  determination  of  tetracyclines  and 
chloramphenicol  in  a  mixture,  by  measuring  the  extinction  at  different 
wave  lengths. 

The  spectrophotometric  methods  are  also  only  moderately 
sensitive  and  are  subject  to  strong  interferences  from  other  colored 
substances . 


Fluorimetric  methods  have  been  developed  for  all  the 
tetracyclines  and  are  based  on  the  fluorescence  emitted  by  the 
complex  formed  between  the  reagent  and  the  antibiotic  (29)  or  some 
product  of  degradation  or  hydrolysis  of  the  antibiotic  (30-33) . 

As  for  example,  the  fluorimetric  method  for  determining  chlorotetra¬ 
cycline  developed  by  Tpmiyama,  Yone  and  Kitahara  (34),  was  based  on 
the  golden  fluorescence  emitted  by  this  antibiotic  in  the  chelate 


t  :  -3.TT  -  ...  U{C  .  'S  e  '  '<":s  *  tc':  ft  a- 


.  B 


jn  fir  ■  - 


t  - 


yla  '.jai’9 'iom  y.  •:  v  j 


o. 


f -1531  (do  4  '•.!  £ '.  If  I  *lcu\t  i\  'A 


aid;)  ‘(d  h  'J  •>  a(  )>t  rrouji  rrsbio?}  rib 


13 


form  with  potassium  aluminum  sulphate. 

Murea  and  Cruceanu  (35)  have  developed  a  simple,  rapid  and 
precise  fluorimetric  method  for  determining  the  same  antibiotic  by 
using  zinc  chloride  as  the  reagent. 

Yokoyama  and  Chatten  (36)  investigated  the  application  of 
non-aqueous  procedures  which  could  be  readily  performed  by  visual 
titration  for  both  the  free  base  and  hydrohalide  salts  of  some  of  the 
tetracycline  antibiotics.  The  method,  however,  must  be  modified  where 
interference  from  other  materials  in  formulations  occurs  and  in  some 
instances  requires  extraction  of  the  antibiotic.  These  authors  could 
not  reproduce  satisfactorily  the  earlier  works  of  Ekeblad  (37)  and 
Sideri  and  Osol  (38)  who  reported  the  determination  of  some  tetra¬ 
cyclines  in  glacial  acetic  acid. 

Recently  a  volumetric  method  has  been  employed  for  tetra¬ 
cycline  measurement  by  Garrett  (39)  in  the  course  of  his  pKa’  value 
determinations . 

A  number  of  chromatographic  methods  have  been  developed 
(40-43)  for  the  analysis  of  tetracyclines  but  they  are  primarily  of 
value  for  identification  and  separation  purposes  prior  to  determination 
by  other  chemical  methods  already  mentioned. 
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II.  Streptomycins 

The  earliest  colorimetric  method  for  the  measurement  of 
streptomycin  and  dihydrostreptomycin  is  based  on  the  conversion  of 
streptomycin  to  maltol  by  heating  with  sodium  hydroxide  (1).  Maltol 
can  be  measured  as  it  is  or  can  produce  a  color  in  a  reaction  with 
ferric  chloride  (44,45)  or  Folin  and  Ciocalteu  phenol  reagent  (1). 
Dihydrostreptomycin  gives  maltol  only  when  converted  to  streptomycin 
by  boiling  with  sulphuric  acid.  Both  streptomycin  and  dihydro¬ 
streptomycin,  however,  can  be  measured  colorimetrically  based  upon 
a  reaction  of  the  guanidino  group  common  to  both  (46) .  The  main 
disadvantage  of  this  method  is  that  streptidine,  which  is  a  degradation 
product  of  both,  gives  the  same  color  reaction. 

Early  in  1958  the  groups  of  Natarajan  and  Tayal  (47)  and 
Barilari  and  Katz  (48)  described  independently  two  colorimetric  methods 
for  measuring  streptomycin  and  dihydrostreptomycin  in  mixtures. 

Agrawal  and  Dutta  (49)  described  a  similar  colorimetric  method  in 
which  they  used  picric  acid  as  the  reagent.  Tetracycline, 
p-amino  sulphon'ic  acid,  and  isoniazid  do,  however,  interfere  in  the 
color  production. 

Fontes  (50)  has  advantageously  used  the  modified  Sakaguchi 
reaction  (Weber,  C.A.  24,  2485,  1930)  by  using  1-naphthol  and  sodium 
oxybromide  for  the  determination  of  streptomycin  and  dihydrostreptomycin. 
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Kartseva,  Chekula*eva,  Korchagin  and  Burns  (51)  reported  an 
improved  maltol  method  for  better  results  in  the  measurement  of  strepto¬ 
mycin  in  culture  fluids.  They  absorbed  the  fluid  on  a  column  and  sub¬ 
sequently  eluted  with  solvent  prior  to  the  measurement  of  the  antibiotic 
by  the  usual  maltol  method  (44,45). 

Machek  (52)  reported  a  procedure  for  measuring  both  strepto¬ 
mycin  and  penicillin  in  mixture.  He  used  butyl  acetate  for  extracting 
penicillin  from  the  mixture.  Streptomycin  and  penicillin  then  were 
measured  by  the  standard  methods.  Shaw  and  Fortune  (53)  have  reported 
the  utilization  of  an  autoanalyser  based  on  the  Ferric -Maltol-comp lex 
method  (44,45)  for  the  determination  of  streptomycin.  Faure  and 
Blanquet  (54)  in  1962  reported  a  method  based  on  the  fluorescence 
emitted  by  both  streptomycin  and  dihydrostreptomycin  in  alkaline 
solution  containing  sodium  1, 2-naphthoquinone-4-sulf onate  for  the  assay 
of  the  two  antibiotics.  Guanine  and  such  other  derivatives  as  arginine, 
howevei;  also  fluoresce.  The  same  group  of  workers  (55)  later  on 
reported  that  the  two  antibiotics  gave  fluorescence  at  two  different 
wave  lengths  when  treated  with  sodium  p-naphthoquinone-4-sulf onate 
allowing  their  identification  and  measurement. 

Recently,  Kiryakob  (56)  described  an  iodometric  method  for  the 
determination  of  streptomycin. 
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Huettenrauch  and  Keiner  (57)  developed  another  volumetric 
method  based  on  the  titration  of  maltol  produced  by  streptomycin  on 
heating  with  sodium  hydroxide.  The  titrant  used  was  ceric  sulphate. 

III.  Chloramphenicol 

The  earliest  colorimetric  method  for  measuring  chloramphenicol 
was  based  on  reducing  the  nitro  group  of  the  antibiotic  to  an  amino  group 
which  can  be  diazotized  and  coupled  with  reagents  like  N-( 1-naphthyl) ethyl- 
enediamine,  to  form  a  colored  compound  (58) .  Later  on,  Ito  and  Okamoto 
(59)  improved  this  method  for  the  microdetermination  of  this  antibiotic 
by  modifying  the  coupling  reagent.  Barilari  and  Katz  (60)  described 
a  colorimetric  method  for  assaying  chloramphenicol  based  on  the 
determination  of  formaldehyde  liberated  by  acid  hydrolysis  of  the 
antibiotic.  Two  Japanese  workers,  Kakemi  and  Ohashi  (61)  almost  at 
the  same  time  reported  another  colorimetric  method  for  the  determination 
of  this  antibiotic  using  isoniazid  as  the  reagent.  The  method  involved 
various  steps  of  extraction  and  centrifugation. 

Another  Japanese  scientist,  Yoneda  (62)  early  in  1957 
developed  an  ultra-violet  spectrophotometric  method  for  the  measure¬ 
ment  of  chloramphenicol  in  otic  preparations. 

Simultaneous  determination  of  chloramphenicol  and  prednisolone 
present  in  an  ointment  was  reported  by  Yokoyama  and  Ito  (63) .  Cyclohexane 
and  ethanol  were  added  to  give  a  suspension  and  centrifugation  of  the 
suspension  resulted  in  a  sample  which  gave  good  results.  The  same 
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procedure  was  found  satisfactory  for  ointments  containing  chloramphenicol 
and  neomycin. 

Lorenz  and  Machek  (64)  developed  a  spectrophotometric  method 
for  chloramphenicol  in  a  preparation  containing  a  sulfonamide  based  on 
the  simple  measurement  of  extinction  of  an  ethanolic  solution  of  the 
sample  and  subsequent  correction  by  subtraction  of  the  absorption  due 
to  the  presence  of  the  sulfonamide  which  was  determined  by  the  Bratton- 
-Mar shall  method  (65) . 

Halot  (66)  reported  in  1961  the  use  of  absorption  spectro¬ 
photometry  in  the  ultra-violet  region  for  the  determination  of  chlor¬ 
amphenicol  preparations.  He  used  different  conditions  for  separating 
the  active  principle  from  the  excipients  in  the  various  pharmaceutical 
forms  such  as  suppositories,  ointments  and  solutions. 

The  spectrophotometric  method  of  Shah  et  al.  (28)  for 
determining  chloramphenicol  and  tetracycline  in  mixture  has  already 
been  mentioned. 

Hughes  and  Diamond  (67)  very  recently  published  a  simple 
chemical  method  for  the  measurement  of  chloramphenicol  in  blood  using 
isonicotinic  acid  as  the  reagent  for  color  production. 

A  few  volumetric  methods  have  also  been  reported  for  chlor¬ 
amphenicol  measurements.  The  first  efficient  volumetric  method  was  that 
of  Franchi  and  Pellerano  (68)  in  which  the  excess  of  propionic  anhydride 


room  bjas 

•  •  • '  •  m  :>£j  o  o  ;  i'j.  *'-•  1,1  r°- 

o  noi 9« i c qs*:  q  •  J  >  -  ;  nsrfqos ol j  l 

m 

4 o  ro  -•  [,fro.--  ) r  i  oj  si  >  f  .  jo  -  ,  xa  :  <  ■ 

. 

-<  a.  i  poada  .  i  .■  zot  -1’  -  '• r 

f  A. 

3  t  r*qs-.  lot  -  v.  •  <  tfi<  o  •  ,-zu  •.  H  i  ii  Jtt- 

3  s>  :  -  iJ  q  avitos  a  til 

1  -.i  i  rr-  oJtra  a;  >  3r.  ■  -t  .r .  •  jot  >c  .  v.oi  j-m 

. 


18 


remaining  after  esterification  of  the  antibiotic  with  this  compound  was 
titrated.  The  method,  it  was  suggested,  could  also  be  used  for  pharma¬ 
ceutical  preparations  of  this  antibiotic.  Srivastava,  Ray  and  Mukerji 
(69)  at  about  the  same  time  put  forward  another  volumetric  method  for 
chloramphenicol  measurement.  They  determined  the  amount  of  the  anti¬ 
biotic  from  the  amount  of  sodium  nitrite  required  to  diazotize  the  amino 
form  of  chloramphenicol. 

IV.  Neomycin  Sulphate 

Bulant  and  Parizkova  (70)  in  1962  described  a  spectrophoto- 
metric  method  for  the  determination  of  neomycin  base  and  salts  using 
ninhydrin  as  the  color  reagent.  Furfural,  however,  gave  the  same  color 
reaction  and  caused  interference. 

Morgan,  Honig,  Warren  and  Levine  (71)  used  a  combination  of 
chromatography  and  spectrophotometry  for  the  assay  of  neomycin  in 
pharmaceutical  preparations.  The  method  consisted  in  the  hydrolysis 
of  the  antibiotic  to  furfural,  the  purification  of  the  furfural  by 
column  chromatography  and  subsequent  determination  by  colorimetry 
using  p-bromoaniline . 

Pan  and  Dutcher  (72)  early  in  1956  reported  a  paper  chromato¬ 
graphic  method  for  separation  of  acetylated  neomycins  which  was  also 
semiquantitative . 
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In  1963,  Brodasky  (73)  introduced  thin  layer  chromatography  on 
carbon  plates  for  the  separation  and  quantitation  of  the  different 
neomycin  sulphates  by  a  microbiological  method  using  Bacillus  pumilus. 
Very  recently,  Foppiano  and  Brown  (74)  have  shown  that  both  qualitative 
and  quantitative  determinations  can  be  performed  by  thin  layer  chromato¬ 
graphy,  using  ninhydrin  for  identification.  For  quantitative  measurement 
the  neomycin  zones  are  removed  and  the  ribose  moiety  of  the  antibiotic 
is  determined  colorimetrically  using  ore inol-ferric  chloride-hydrochloric 
acid-acetic  acid  reagent  as  employed  by  Tomada  (75)  and  Korchagin, 
Korobitskaya,  Druzhinina  and  Semenov  (76) . 

The  method  of  Yokoyama  and  Ito  (63)  for  measurement  of 
chloramphenicol  and  neomycin  in  ointment  mixture  has  already  been 
mentioned . 

V.  Erythromycins 

Korchagin  and  co-workers  (77)  developed  in  1961  a  colorimetric 
method  for  the  determination  of  erythromycin  by  measuring  the  optical 
density  after  heating  the  antibiotic  with  sulphuric  acid.  But  the  main 
disadvantage  of  the  method  was  that  it  also  measured  the  inactivation 
product  of  erythromycin.  Kuzel,  Woodside,  Comer  and  Kennedy  (78) 
described  a  spectrophotometric  method  for  the  determination  of  erythro¬ 
mycin  based  on  increased  absorption  after  mild  alkaline  hydrolysis  of  the 
antibiotic.  Ermakova,  Korchagin,  Vakulenko  and  Sidorova  (79)  developed 
a  conductometric  titration  procedure  for  the  measurement  of  this  anti¬ 
biotic.  This  method  suffered  from  interference  by  the  inactivation 
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products  obtained  during  hydrolysis  which  was  involved  in  the  procedure. 
The  identification  reaction  of  erythromycin  lactobionate  developed  by 
Unterman  (80)  could  also  be  used  for  quantitative  measurement,  using 
citric  acid  and  magnesium  gluconate  for  color  production. 

Ochab,  Malysz  and  Borowiecka  (81)  developed  a  chromatographic 
method  for  the  separation  of  erythromycin  mixed  with  tetracycline  prior 
to  its  determination  spectrophotometrically  using  xanthydrol  for  the 
final  color  production. 

The  chromatographic  methods,  including  thin  layer  chromato¬ 
graphy  (82),  are  all  for  the  purposes  of  separation  and  qualitative 
determination. 

VI.  Penicillins 

One  of  the  earliest  chemical  methods  for  the  determination 
of  penicillin  was  the  iodometric  method  of  Alicino  (83) .  The  method, 
which  consisted  of  decomposing  the  active  antibiotic  into  an  inactive 
product,  penicilloate,  suffered  seriously  from  interference  in  the 
case  of  formulations  where  starch  or  sugars  were  present.  Another 
chemical  method  for  the  determination  of  penicillin  is  based  on  its 
conversion  to  hydroxamic  acid  which  forms  a  colored  complex  with  ferric 
chloride  (1).  Carta-De  Angeli,  Ventura  andDi  Accadia  (84)  devised  a 
simplified  method  based  on  this  latter  property  of  penicillin  for  the 
determination  of  the  antibiotic  in  salts  and  fermentation  media.  It 
has  been  found,  however,  that  the  reaction,  although  complete,  was  not 
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specific,  since  many  esters, anhydrides  and  amides  also  reacted  with 
the  reagent  to  form  hydroxamic  acid  (85) . 

Nogami  and  Kanazawa  (86)  proposed  that  phenoxymethy 1  penicillin  (pen¬ 
icillin  v)  could  be  measured  by  coupling  it  with  methyl  green.  A  year 
later,  Desphande  and  Karmarkar  (87)  utilized  phosphomolybdic  acid  as 
the  color  reagent  in  the  colorimetric  determination  of  procaine 
penicillin  G.  Unterman  (88)  gave  another  colorimetric  method  for 
determining  procaine  penicillin  in  the  presence  of  other  antibiotics 
using  p-dimethyl  aminobenzaldehyde  as  the  color  reagent.  Streptomycin 
and  the  potassium  salt  of  benzyl  penicillin  did  not  interfere. 

In  1962  Fursov  (89)  used  colorimetry  for  the  determination  of 
penicillin  V  with  an  error  of  ±4%,  which  was  claimed  to  be  better  than 
the  iodometric  method. 

Very  recently  there  has  been  a  report  of  another  colorimetric 
method  for  determination  of  procaine  penicillin  in  mixed  feeds  by 
Stone  (90)  in  which  penicillin  is  converted  to  penicillamine  which  turns 
blue  with  arsenomolybdic  acid  reagent. 

Weaver  and  Reschke  (91)  described  an  ultra-violet  spectro- 
photometric  method  for  the  determination  of  methicillin,  a  synthetic 
penicillin,  based  on  the  fact  that  methicillin  when  heated  in  acetate 
buffer  showed  an  absorption  maxinxm  at  330  mp. 
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Yakobson  and  Ermolova  (92)  used  nephelometry  for  the  stability 
measurement  of  penicillin  N,N-dibenzylethylenediamine  (bacillin  I) . 

Kurzawa  and  Suszka  (93)  developed  a  volumetric  method  with 
an  average  error  of  ±5%  for  the  determination  of  penicillin  G  or  its 
procaine  salt  in  the  presence  of  streptomycin  and  chlorotetracycline . 
Reference  has  already  been  made  to  the  application  of  thin  layer 
chromatography  by  Nicolaus  et  al.  (42)  for  the  detection  and  determination 
of  penicillin  and  other  antibiotics. 

There  have  been  other  chromatographic  methods  (94-96)  both 
on  paper  and  thin  layer  chromatography  but  they  are  of  principal  value 
for  the  separation  and  purification  of  different  penicillins  and  there¬ 
fore  are  of  significance  only  for  qualitative  purposes. 

VII.  Oleandomycin 

There  has  not  been  much  reported  on  the  determination  of 
oleandomycin.  Bellotti  and  Mossini  (97)  in  1960  described  a  good  but 
lengthy  colorimetric  method  for  determining  oleandomycin  in  the  presence 
of  tetracycline.  Tetracycline  could  also  be  measured  by  this  method 
by  measuring  the  absorbance  at  a  different  wave  length  than  that  for 
oleandomycin  and  under  a  different  condition. 

Fukuzawa  and  Shiizu  (98)  employed  ultra-violet  spectro¬ 
photometry  for  the  determination  of  oleandomycin  based  on  destroying 
the  antibiotic  by  alkali  treatment  and  subsequent  measurement  of  some 
degradation  product. 
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Lees  (99)  described  a  paper  chromatographic  method  for  the 
separation  of  this  antibiotic  from  multicomponent  antibiotic  preparations. 

VIII  and  IX.  Bacitracin  and  Polymyxin 

Agrawal  and  Dutta  have  published  a  review  article  (100)  on 
the  methods  of  analysis  of  bacitracin  and  many  other  antibiotics. 

Maturana,  Dannier  and  Brieva  (101)  in  1962  described  some 
13  color  and  precipitation  reactions  for  the  detection  and  several 
color  and  precipitation  reactions  for  the  determination  of  polypeptide 
antibiotics  including  bacitracin  and  polymyxin.  Precipitation  reactions 
were  not  suitable  for  colorimetric  determination  of  these  antibiotics, 
but  gravimetric  determination  of  bacitracin  and  polymyxin  was  possible 
based  on  the  precipitation  reaction  of  these  antibiotics  with  phospho- 
molybdic  acid. 

In  summary,  although  chemical  methods  allow  a  fair  degree  of 
accuracy,  they  suffer  from  a  variety  of  disadvantages.  Prominent  among 
these  is  interference  and  in  an  effort  to  remove  the  sources  of  interfer¬ 
ence,  lengthy  procedures  of  extraction  and  separation  by  chromatography 
and  other  means  must  be  employed.  Moreover,  almost  all  of  the  chemical 
methods  are  quite  lengthy  procedures  themselves,  involving  a  number 
of  steps  and  considerable  care  in  sample  preparation.  In  addition,  a 
different  chemical  method  must  normally  be  used  for  the  different  anti¬ 
biotics,  thus  requiring  a  series  of  reactions  under  different  experimental 
conditions,  standard  graphs,  as  well  as  a  variety  of  analytical  instruments. 
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A.  Polarography 

The  polarographic  method  of  analysis  was  invented  by  Jaroslav 
Heyrovsky  (102).  It  is  based  on  the  unique  characteres tics  of  the  current- 
voltage  curves  obtained  during  electrolysis.  For  most  polarography  a  cell 
is  used  in  which  one  electrode  is  a  dropping  mercury  electrode.  The 
mercury  is  discharged  in  the  form  of  a  definite  sized  drop  and  at  a 
constant  rate  from  a  fine  bore  capillary  glass  tube.  Under  appropriate 
conditions,  when  a  definite  potential  is  applied  between  the  two  electrodes 
in  the  polarographic  cell,  a  typical  current-voltage  curve  is  produced 
as  shown  in  Figure  1.  Given  the  conditions  of  the  measurement  it  is 
generally  possible  to  identify  the  presence  of  a  particular  sub¬ 
stance  as  a  result  of  the  position  of  the  half-wave  potential  (E  1 / 2) . 

In  addition,  the  extent  of  the  diffusion  current,  as  shown  in  Figure  I, 
may  be  used  as  a  measure  of  the  concentration  of  the  substance. 

The  theoretical  principles  of  polarography  are  beyond  the 
scope  of  this  presentation  but  have  been  discussed  at  length  in  a 
number  of  texts  (103,104). 

Ilkovic  (105)  examined  the  various  factors  governing  the 
diffusion  current  and  deduced  the  equation  for  diffusion  current  which 
was  further  confirmed  by  MacGillavry  and  Rideal  (106), 
id  =  607nD  C  m  t  where 
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Figure  1.  The  normal  current-voltage  wave 
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id  =  average  diffusion  current  in  pa  during  the  life  of  a  drop, 
n  =  number  of  Faradays  of  electricity  required  per  mole  of  the 
electrode  reaction. 

D  =  diffusion  coefficient  of  reducible  or  oxidisable  substance  in 

,  2  -1 
units  of  cm  sec 

C  =  concentration  in  millimoles/litre, 
m  =  rate  of  flow  of  mercury  in  mg/sec. 
t  =  drop  time  in  seconds. 

From  the  Ilkovic  equation  it  is  apparent  that  the  diffusion 

6 

current  increases  directly  as  t  ,  and  varies  directly  with  concentra 
tion,  C. 


The  drop  time  (t),  varies  as  a  function  of  EMF,  first  increas 
ing  with  potential  up  to  -0.52v  and  then  decreasing.  The  diffusion 
coefficient  also  varies  with  temperature  at  the  rate  of  l-27»  per  degree 
rise  or  fall  in  the  vicinity  of  25.0°C. 

Drop  time  should  be  in  the  order  of  2-5  seconds  but  in  any 
case  must  be  constant.  When  all  the  factors  except  concentration  are 
kept  constant,  an  important  deduction  from  the  Ilkovic  equation  is, 
id  =  k.c  ,  where  k  is  a  constant; 

i.e.  diffusion  current  is  directly  proportional  to  the  concentration 
of  the  electroactive  substance.  This  is  the  basis  of  quantitative 
analysis  by  the  polarographic  method. 
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The  polarographic  method  of  analysis  is  very  suitable  for 
inorganic  analysis  since  so  many  elements  and  inorganic  compounds 
are  reduced  at  the  dropping  mercury  electrode  giving  well  defined 
polarograms.  A  few  current  references  only  are  included  (107-114). 
Accordingly,  this  method  has  found  very  wide  application  in  the  field 
of  metallurgical  analysis  for  determining  component  parts  or  impurities 
of  alloys  (115,116).  It  also  has  found  wide  application  in  the 
determination  of  trace  metallic  impurities  in  commercial  chemicals, 
or  trace  inorganic  constituents  of  a  host  of  materials  ranging 
from  waters  and  petrol,  to  various  organic  and  biological  materials 
and  foodstuffs  (117-121). 

A  great  variety  of  organic  compounds,  including  various 
aldehydes  and  ketones,  unsaturated  acids,  nitro  and  nitroso  compounds, 
azo  and  diazo  compounds,  halogenated  compounds,  quinones  of  various 
types,  peroxides  and  many  others  are  reducible  at  the  dropping  mercury 
electrode  (122-125).  The  determination  of  oxygen  in  gases  and  solutions 
is  another  uniquely  valuable  application  of  polarographic  analysis 
(126,127).  The  greatest  percentage  of  papers  devoted  to  applied  organic 
polarography  describe  applications  to  the  problems  of  pharmaceutical 
analysis  (128).  Fields  where  polarography  has  been  increasingly 
used  include  agriculture  and  food  chemistry,  plastics,  textile 
industry,  etc.  (123). 
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Aside  from  practical  analysis,  polarography  provides  a  fruitful 
means  of  studying  oxidation-reduction  processes,  reaction  rates  and 
equilibria,  organic  synthesis  of  natural  products  and  analysis  of  the 
structures  of  organic  substances  (123). 

Polarographic  analysis  is  not  limited  to  aqueous  solutions, 
and  can  be  applied  to  solutions  in  certain  nonaqueous  solvents  (117, 
118,146).  The  essential  condition  is  that  the  solvent  be  sufficiently 
polar.  The  use  of  non-aqueous  solvents  is  particularly  useful  with 
many  water-insoluble  organic  substances  (117,118,146).  It  is  even 
possible  to  obtain  polarographic  waves  in  molten  salt  media. 

The  polarographic  method  of  analysis  is  highly  sensitive 

-3  -5 

and  accurate.  It  can  measure  concentration  in  the  range  of  10  -  10  M 

"6 

and  in  some  cases  up  to  10  M  with  maximum  average  error  of  ±  2.57o. 

The  method  needs  only  a  small  volume  of  solution  for  analysis  and  the 
active  material  can  also  be  recovered  if  so  desired.  It  is  possible  to 
detect  and  determine  simultaneously  more  than  one  substance  from  the 
El/2  values  and  diffusion  currents.  The  last,  and  indeed  one  of  the 
most  important  advantages  of  polarographic  analysis  is  its  speed.  It  is 
possible  to  do  up  to  fifteen  determinations  per  hour  in  routine  analysis. 

B .  Evaluation  of  Quantitative  Results 

There  are  various  ways  of  evaluating  the  unknown  concentration 
of  any  substance  by  polarographic  analysis  among  which  the  following  are 


the  more  common: 
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(i)  Method  of  standard  graph: 

This  is  the  conventional  method  and  is  based  on  the  construction 
of  a  standard  graph  on  ordinary  graph  paper  by  plotting  diffusion  current 
against  concentration.  The  unknown  concentration  is  determined  from 
the  standard  graph  by  determination  of  its  diffusion  current. 


(ii)  Method  of  standard  addition  (129): 

In  this  method  the  diffusion  current  of  the  unknown  solution 
is  determined  first  and  then  a  known  volume  of  the  standard  solution 
is  added  to  the  unknown  solution  and  the  diffusion  current  of  the 
total  solution  is  measured.  The  unknown  concentration  is  then  cal¬ 
culated  from  the  equation 


x  =  c 


n  id2 

id2(m  +  n)  -  mid 


1 


where 


x  =  concentration  of  the  unknown/ml.  of  test  solution 
id^  =  diffusion  current  of  the  unknown 

id2  =  diffusion  current  of  the  unknown  plus  the  standard 
m  =  ml.  of  the  test  solution 
n  =  ml.  of  the  standard  solution  added 

c  =  concentration  of  the  standard/ml.  of  the  standard  solution 


(iii)  Direct  comparison: 

This  is  the  most  accurate  method  for  evaluating  unknown 
concentration  with  the  help  of  a  standard  graph.  Although  the  standard 
graph  is  a  good  method  for  determining  an  unknown,  it  is  somewhat 
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inconvenient  for  routine  analysis.  A  standard  must  be  prepared  daily 
or  checked  at  various  points  on  the  straight  line.  In  polarographic 
analysis,  however,  there  is  usually  some  slight  variation  from  day  to 
day  due  to  various  factors  already  mentioned  (105).  For  this  reason 
direct  comparison  is  most  convenient  and  the  unknown  and  the  standard 
under  similar  conditions  of  pH  etc.  should  give  similar  waves  at 
the  same  E  l/2.  The  method  consists  in  first  measuring  the  diffusion 
current  for  the  test  solution.  Then  the  concentration  of  the  standard 
is  chosen  with  the  help  of  a  standard  graph  in  such  a  way  that  under 
similar  conditions  of  measurement  it  gives  a  diffusion  current  as  close 
to  that  for  the  unknown  as  possible.  The  concentration  of  the  un¬ 
known  is  then  determined  from  the  simple  relation 

id2 

x  =  c  _ ,  ,  where 

idl 

c  =  concentration  of  the  standard 

x  =  concentration  of  the  unknown  in  the  same  unit  as  for  the  standard 

id^  =  diffusion  current  for  the  unknown 
id2  =  diffusion  current  for  the  standard 

id-^  and  id2  are  very  nearly  equal. 

(iv)  Absolute  method: 

This  is  of  course  theoretically  the  best  method  provided 
all  the  factors  of  the  Ilkovic  equation  (105)  except  concentration 
are  known  accurately.  The  diffusion  current  is  measured  from  the 
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polarographic  wave  obtained  by  electrolysing  the  test  solution  and  the 
concentration  in  millimoles  per  litre  is  calculated  from  the  equation 
(105). 

C .  General  Procedure  in  the  Polarographic  Analysis 

The  application  of  polarography  to  the  estimation  of  anti¬ 
biotics  required  in  this  work  was  very  simple.  A  certain  amount  of  the 

* 

antibiotic  powder,  either  as  the  chemically  pure  material  or  as  a 
pharmaceutical  preparation  was  weighed  on  an  analytical  balance.  The 
powder  was  dissolved  in  the  appropriate  aqueous  solvent  and  the  volume 
made  up  to  the  mark  in  a  volumetric  flask.  In  the  case  of  tablets, 
weights  of  ten  tablets  were  taken  individually  and  the  mean  was 
determined.  A  few  tablets  were  finely  powdered  in  a  mortar.  The 
capsules  generally  contained  the  material  in  a  powder  form.  When  the 
pharmaceutical  preparation  was  in  the  form  of  a  solution  or  syrup, 
dilution  was  the  only  step  necessary  to  prepare  a  working  stock 
solution.  To  obtain  clear  solutionsof  pharmaceutical  preparations 
0.1  to  0.2  ml  of  3M  HC1,  and  in  a  few  cases  up  to  0.25  ml  of  a  suit¬ 
able  additional  solvent,  was  added  to  assure  complete  solution  of  the 
antibiotic.  The  presence  of  various  other  ions  sometimes  interfered 
with  the  free  solubility  of  the  antibiotic  in  water. 

From  the  stock  solution,  a  known  volume  was  pipetted 
out  into  a  volumetric  flask  of  appropriate  size,  and  a  suitable  volume 
of  supporting  electrolyte  and/or  buffer  was  added.  When  necessary  a 

JL 

The  chemically  pure  material  was  in  most  instances  USP  reference  standard. 

In  all  other  instances  pure  compound  was  obtained  from  pharmaceutical 
houses  and  was  stated  to  have  a  potency  based  on  the  USP  reference  standard. 


,  ■!  ’  S  I. 

•  1  • 

if)  1  .  •  i  1  '.r  i  'da  8£  io.'..  b  ■'  ii  'oi  ■  3  -6 

uo  .  •  - aw  ?-»w  njJtSi rr&q:  £<J  .1  "  ,JB  • 

auo'  j|  '  • .  icjr.  qq  '1  i-  b-  ■  •>'> 

' 

■ 

Ik  •  k  1  :fI  '  a 

.  :  .  K"  '•  I'  ■  •  '  :•  '  ■  ' 

-  kua  fc  to  h  12.0  o-i  q  a  wry  nx  brit  ,1  HC  ;  .0  *  t  1.0 

l  ‘*i  .  ini  aamiiamoB  anoi  x  tfcto  irr  :rt- /■  <  -ior.  q 

.  ,  >j  ■-?  ■ 


■  11:  ■;  ifiW  >;r  rj'  -nl  B  •  •  >3  -  .'*■  -  7 

•  I  i  Jons  ,  s'  -ii-.  r  >  •  »  ,!a.  ;  tr  ofri  Juo 

•  7  ’  .  n.>  v  '  ) 

'  9  i  1  1  o  ::  s:t 

>  ■  ...  j  ■  n  'i  :■  n't 

i<Vf'  —  ,  ■  ■.  ■  :  •  ->  •'  i>  n  .  iirn  anannrl 


33 


maximum  suppressor,  generally  gelatin,  was  added  and  the  volume  made 
up  to  the  mark.  The  pH  of  this  solution  was  checked  and  if  necessary 
adjusted  to  the  desired  level  and  then  it  was  poured  into  the  electrolysis 
cell.  Dissolved  oxygen  was  removed  by  bubbling  pure  nitrogen  through 
the  solution  for  a  sufficient  time.  The  sample  was  then  electrolysed 
through  the  desired  potential  range  with  an  automatic  recording  being 
made  of  the  polarogram.  The  El/2  and  the  diffusion  current  were 
measured  from  the  polarogram.  A  Leeds  and  Northrup’s  Electrochemograph 

was  the  instrument  employed  in  the  work.  The  capillary  constant,  irw  t  f 
can  be  determined  from  the  mass  of  mercury  flowing  per  second  and  the  drop 
time  according  to  ii  and  iii  below. 

The  different  factors  of  the  Ilkovic  equation  during  the  whole 

period  of  this  work  were  as  follows: 

(i)  Temperature  -  The  range  of  temperature  was  from  23  to  27°C  during 
the  entire  course  of  the  work.  The  variation  during  any  set  of 
experiments  was  checked  within  ±0.5°C  with  the  help  of  the  water 
bath  surrounding  the  cell. 

(ii)  Drop  time  (t):-,t*  varied  in  the  range  of  3  to  4.5  seconds  with 
variation  between  replicates  in  the  same  set  of  experiments 
being  controlled  to  ±  17,. 

(iii)  Mass  (m)  of  mercury  flowing  per  second  'm*  was  fairly 
constant  throughout  the  use  of  the  same  capillary  within  the 
range  of  1.45  to  1.55  mg/sec  at  various  El/2  values  for 
different  antibiotics,  but  the  variation  of  'm'  between  re¬ 
plicates  was  kept  at  ±0.17o. 

(iv)  Deaeration  time.  Passing  nitrogen  at  the  rate  of  7-10 
bubbles/second  for  3-5  minutes  was  sufficient  to  remove  all 
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the  oxygen  present  in  solution. 

(v)  pH  pH  readings  for  replicates  were  checked  to  ±0.05  of  a  unit. 

(vi)  Base  electrolyte  or  buffer  concentration  This  was  always  about  100  times 

*  •  "Hu-. 

higher  than  the  highest  concentration  of  the  substance  being 
analyzed . 

D.  Microbiological  Comparison 

Any  chemical  method  of  analysing  antibiotics,  to  be  valid  and 
acceptable,  must  agree  completely  with  the  official  microbiological 
method  which  measures  the  pharmacological  activity  of  the  antibiotics 
or  a  satisfactory  correction  factor  must  be  determined. 

For  the  polarographic  method  to  be  particularly  useful,  it 
must  not  measure  anything  other  than  the  pharmacologically  active  form 
of  the  antibiotic.  The  possibility  existed  that  a  serious  shortcoming 
of  the  polarographic  method  would  be  that  it  might  measure  under 
the  established  conditions  the  inactive  or  degradation  products  obtained 
by  deterioration  of  antibiotic  pharmaceuticals  together  with  the  active 
components.  Under  ordinary  conditions  it  has  been  found  that  the 
preparations  undergo  detectable  amounts  of  deterioration  over  a  long 
period  of  time.  In  order  to  evaluate  this  effect,  the  antibiotics 
were  heated  for  sixteen  hours  at  different  temperatures  and  comparative 
assays  were  carried  out  of  the  quantity  of  the  antibiotic  remaining 
according  to  the  polarographic  method  and  the  bacteriocidal  activity 
remaining  according  to  the  microbiological  method.  The  diffusion 
current  obtained  in  each  case  and  the  diameter  of  the  zone  of  inhibition 
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were  plotted  for  the  same  antibiotic  on  the  same  graph  against  the 
temperature  used.  For  the  microbiological  assays,  the  cylinder  plate 
method  (2-4)  was  employed  using  Bacillus  subtilis  as  the  test  organism. 
The  incubation  period  was  twenty  hours  at  30°C. 


The  correlation  coefficient  (r)  between  the  diffusion  current 
and  the  diameter  of  the  zone  of  inhibition  at  different  temperatures  for 
the  individual  antibiotics  was  calculated  according  to  the  formula  (130) 


ZXY  -  LXXY 


n 


where,  X  =  diffusion  current 

Y  =  diameter  of  the  zone  of  inhibition 
n  =  number  of  sets  of  readings 


There  was  only  one  independent  variable,  namely,  temperature. 
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IV 


EXPERIMENTAL  AND  RESULTS 
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I .  Tetracyclines 

All  the  important  members  of  the  tetracyclines  were  found  to 
be  measured  satisfactorily  by  the  polarographic  method. 

(i)  Tetracycline  Hydrochloride 

Polarographyhas  not  previously  been  applied  to  the  measurement 

of  tetracycline  HC1.  Fait  (131)  in  1963  reported  an  oscillographic 

method  for  the  identification  of  tetracycline,  Cl-tetracycline  and  oxy- 

tetracycline .  A  recent  reference  was  obtained  after  the  work  was  completed  in 
which  the  HC1  of  tetracycline  had  been  examined  polarographically  (131a). 

Using  the  polarographic  method,  in  the  present  work,  it  was 
found  that  tetracycline  HC1  gave  three  imperfect  or  poorly  developed 
waves  through  acid  pH1 s  and  up  to  a  pH  of  7.35.  From  that  point  upwards 
there  appeared  two  well  developed  waves  until  about  pH  9.00,  beyond 
which  both  the  waves  began  to  lose  their  typical  shape. 

Quantitative  measurements  could  be  made  with  a  high  degree  of 
accuracy  in  the  pH  range  of  7.00  to  9.00,  and  pH  7.75  was  found  to  be 
optimum  for  shape  and  sensitivity  (Figure  2) . 

Both  phosphate  and  borate  buffer  could  be  used  to  control  the 
pH  to  within  ±  0.05  of  a  unit.  If  phosphate  buffer  was  used,  however, 
at  concentration  higher  than  2.00  mg.  tetracycline  HCl/lO  ml.  there 
appeared  a  maximum  at  the  first  wave  and  although  gelatin  could  correct 
the  situation,  it  also  made  the  resolution  poor.  It  was  found  necessary 
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FIGURE  2.  THE  CURRENT -VOLTAGE  WAVE  OF  TETRACYCLINE  HYDROCHLORIDE 
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to  use  different  amounts  of  gelatin  for  each  different  concentration  to 
suppress  the  maximum  without  removing  the  peak.  Borate  buffer  was  thus 
preferred  since  the  addition  of  gelatin  was  found  unnecessary. 

Because  of  the  residual  current,  the  lowest  concentration  that 
could  be  measured  was  5  pg/ml.  and  the  diffusion  current  values  from  the 
first  wave  were  used  in  all  cases  (Table  1) .  The  diffusion  current 
when  plotted  against  concentration  gave  a  straight  line  relationship 
(Figure  3) . 

The  half-wave  potentials  at  pH  7.75  were  found  to  be  -1.17 
±  0.01  v  for  the  first  wave  and  1.40  ±  0.01  v  for  the  second  wave. 

The  results  of  the  microbiological  comparison  are  shown  in  Table  II 
and  Figure  4. 

Tetracycline  Amphoteric 

Tetracycline  amphoteric  gave  identical  waves  to  those  of 
tetracycline  HC1  under  identical  conditions  and  quantitative  measure¬ 
ment  was  carried  out  in  the  same  way.  The  results  of  the  microbiological 
comparison  are  shown  in  Table  III  and  Figure  5. 

(i)a.  Pharmaceutical  Preparations 

1.  Tetracyn  Capsules  (Pfizer  Corporation,  Canada) 

Each  capsule  of  the  preparation  is  stated  to  contain  250  mg. 
tetracycline  HC1  and  the  same  amount  of  glucosamine  HC1. 
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Table  I 


Data  on  the  Diffusion  Currents  of  the  First  Wave  of  Tetracycline  HCI  in 
Borate  Buffer  at  pH  7*75  ±  0.05.  m2,/3  t1/6  =  I.69  mg.  2^3  Sec.  “  1//2 
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Diffusion  Current  (  100  units  =  3  yU^ 
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Figure  3.  The  graph  of  Tetracycline  Hydrochloride  standard. 
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Table  II 


Comparison  of  Microbiological  and  Polarographic  Measurement 

of  Tetracycline  Hydrochloride 


Temperature  of 
Heating 

0O  C 

Average  Diffusion 
Current 

100  units  =  3Aa* 

Average  Diameter 
of  zone  of 
inhibition 

mm. 

Correlation 

Coefficient 

r 

100 

24.2 

19 

110 

24.2 

19 

120 

21.0 

18 

0.97* 

130 

16.0 

16 

140 

if\ 

CO 

12 

150 

1.8 

4 

95  i>  =  0.878 

99$  =  0.959 

*  Significant  at  99 1°  level 
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_ l _ 1 _ 1 _ ! _ ! _ l _ i _ 

80  90  100  110  120  130  140  150 


Temperature  (0°C) 

Figure  4.  The  comparison  of  microbiological  and  polarographic 
measurement  of  Tetracycline  HC1  during  degradation. 
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Table  III 


Comparison  of  the  Microbiological  and  Polarographic  Measurement 

of  Tetracycline  Amphoteric . 


Temperature  of 
heating 

o°c 

Average  Diffusion 
current 

100  units  =  3>Ua« 

Average  Diameter 
of  zone  of 
inhibition 

mm. 

Correlation 

Coefficient 

r 

90 

23.0 

18 

100 

23.0 

18 

110 

21.5 

18 

0.99* 

115 

17.0 

14 

120 

7.0 

1 

130 

0 

0 

95$  =  0.95 

99f>  =  0.99 

*  Significant  at  99 1°  level. 


(  100  -units  =  3ytya.  ) 

Diffusion  Current  and  Diameter  (mm)  of  Zone  of  Inhibition 
7.5  10  12.5  15  17.5  2 
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60  70  80  90  100  110  120  130 


Temperature  (0°C) 

Figure  5.  The  comparison  of  microbiological  and  polarographic 
measurement  of  Tetracycline  Amphoteric  during  degradation. 


■ 


0 


•  '  &risj‘  nolGJjm  0* 


-0 


- - ; 


Al 


O 


►—I  u> 

T  . 


« 

M 


<  ■) 


CO 

"r 

I 


-■  2 
N _ , 


0’  :l  "  ti  r 30X01  •  0  1  'J-:.  o  ;  ,  ..  -ij/i 

- 


46 


Glucosamine  HC1  did  not  give  any  wave  in  the  region  where  tetr- 
cycline  HC1  produced  a  wave  and  the  addition  of  this  compound  to  pure 
tetracycline  HC1  did  not  have  any  effect  on  the  polarographic  waves 
of  the  antibiotic  or  the  diffusion  current  obtained. 

Weights  of  the  contents  of  ten  capsules  were  taken  separately 
and  the  mean  weight  was  determined.  Both  the  tetracycline  HC1  and 
glucosamine  components  of  the  capsule  are  highly  soluble  in  water. 

The  solution  of  the  powder  was  therefore  made  in  water  leaving  some 
other  components  and  excipients  undissolved.  These  were  found  in¬ 
soluble  even  in  highly  acid  or  basic  media.  The  suspension  or  the 
supernatant  liquid  thus  obtained  could  be  used  for  analysis  and  was 
found  to  give  essentially  the  same  results.  The  results  are  shown 
in  Tables  IV  and  V. 

2.  Signemycin  Capsule  (Roerig, !  Canada  ) 

Each  capsule  is  stated  to  contain  tetracycline  equivalent  to  167  mg. 
of  tetracycline  HC1  and  oleandomycin  phosphate  equivalent  to  83  mg.  of 
oleandomycin. 

Since  tetracycline  base  is  not  highly  soluble  in  water  the 
addition  of  HC1  (as  specified  in  the  section  on  methods)  was  necessary 
to  bring  about  the  solution  of  the  antibiotic. 

The  standard  tetracycline  waves  at  approximately  -1.17  v  and  -1.40  v 
were  easily  distinguishable  from  that  of  oleandomycin  phosphate  which 
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Individual  experimental  results  are  presented  in  Appendix  II,  Table  I. 

Each  result  is  an  average  of  five  determinations  +  Standard  Deviation  of  the  Mean. 
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appeared  at  -1.76  v  at  pH  7.75.  This  pH  was  used  for  the  analysis  of 
both  antibiotics.  Oleandomycin  should  not,  therefore,  interfere  with 
the  two  waves  of  tetracycline  and  in  fact  it  did  not  as  was  proved  by 
the  addition  of  oleandomycin  phosphate  to  pure  tetracycline  HC1.  The 
analysis  was  carried  out  using  the  suspension  of  the  powder.  Those 
preparations  where  insoluble  excipients  were  present  or  preparations 
which  were  suspensions  could  be  determined  with  equal  facility  to 
clear  solutions.  The  results  in  tabular  form  are  shown  in  Tables VI.  and 
VII. 

3.  Tetrosol  (F.W.  Horner  Limited,  Canada) 

Each  buffered  tablet  is  stated  to  contain  250  mg.  tetracycline 
HC1.  The  tablets  have  a  hard  brittle  coating  which  it  was  found 
difficult  to  prepare  in  a  powder  form. 

Five  tablets  were  weighed  separately  and  the  mean  weight  was 
determined.  They  were  finely  powdered  in  a  mortar  and  a  known  weight 
was  taken  and  water  added.  The  aqueous  solution  was  not  clear  due  to 
the  presence  of  some  of  the  insoluble  excipients  and  pieces  of  the 
coating.  Addition  of  acid  in  the  specified  amount  dissolved  the 
particles  of  the  coating.  This  stock  solution  was  used  for  analysis. 
The  results  are  shown  in  Tables VIII  and  IX. 
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Each  result  is  an  average  of  five  determinations  +  Standard  Deviation  of  the  Mean. 
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4.  Achromycin  Capsule  (Lederle  Laboratories,  Canada) 

Each  capsule  is  stated  to  contain  250  mg.  tetracycline  HC1. 

The  weights  of  the  contents  of  ten  capsules  were  taken  separately 
and  the  mean  was  determined.  The  fine  powder  of  the  capsule  was  not 
completely  soluble  in  water  and  the  addition  of  3M  HC1  in  this 
instance  to  make  an  acidic  pH  of  about  3.50  was  found  to  cause  a  slight 
increase  in  diffusion  current.  This  suggested  that  the  solubility  of 
tetracycline  HC1  in  water,  in  which  it  is  freely  soluble,  was  decreased 
slightly  by  the  presence  of  some  other  material.  This  situation  was 
obtained  only  in  the  case  of  Achromycin  capsule  and  was  not  obtained 
in  any  other  tetracycline  or  other  antibiotic  preparations.  The 
results  are  shown  in  Tables  X  and  XI. 

5.  Achromycin  Syrup  (Lederle  Laboratories,  Canada) 

The  cherry  flavoured  syrup  is  buffered  with  citric  acid  and 
sodium  citrate  and  each  ml.  is  stated  to  contain  25  mg.  tetracycline  HC1 
and  0.127o  methyl  paraben  and  0.037,  propyl  paraben. 

It  is  a  heavy  cherry  colored  syrup.  It  was  diluted  with  water 
and  with  the  addition  of  a  few  drops  of  3M  HC1  a  lighter  suspension  was 
obtained  which  it  was  felt  ensured  complete  solution  of  the  antibiotic. 

The  presence  of  citric  acid  and  sodium  citrate  did  not  have  any 
interfering  effect  on  the  waves  of  the  pure  tetracycline  HC1.  The 
analysis  was  carried  out  as  usual  using  the  diluted  solution.  The 
results  are  shown  in  Tables  XII  and  XIII. 
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Results  on  the  Polarographic  Determination  of  the  Concentration  of  Tetracycline  Hydrochloride 

in  Achromycin  Capsule  (Lederle  -  250  mg . /capsule ) . 
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Each  result  is  an  average  of  five  determinations  +  Standard  Deviation  of  the  Mean. 
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Each  result  is  an  average  of  five  determinations  +  Standard  Deviation  of  the  Mean. 
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Individual  experimental  results  are  presented  in  Appendix  II,  Table  V. 

Each  result  is  an  average  of  five  determinations  +  Standard  Deviation  of  the  Mean. 
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6.  Achrocidin  Tablet  (Lederle  Laboratories,  Canada) 
The  stated  formula  for  the  tablet  is 


Tetracycline  HC1 

125 

mg. 

Phenacetin 

120 

mg. 

Caffeine 

30 

mg. 

Salicylamide 

150 

mg. 

Chlorothen  citrate 

25 

mg. 

Of  all  these  components,  phenacetin  alone  showed  a  barely 
defined  wave  under  the  conditions  used  for  the  measurement  of  tetra¬ 
cycline  HC1.  The  wave  was  apparent  only  when  the  concentration  of 
the  phenacetin  was  at  5.00  mg/10  ml-  or  higher.  At  lower  concentration 
it  manifested  itself  only  as  a  small  increase  in  the  residual  current. 
Some  of  the  other  components  caused  a  very  minimal  increase  in  the 
residual  current.  Because  of  these  complications,  a  blank  contain¬ 
ing  all  these  components  was  run  to  obtain  a  true  measure  of  the  tetra 
cycline  present.  It  is  to  be  noted  that  with  this  preparation  measure 
ments  must  be  confined  to  the  first  wave  only  since  the  peak  of  the 
second  wave  was  not  sharp  due  to  a  high  rise  of  the  blank  at  -1.55  v. 
The  results  are  shown  in  Tables  XIV  and  XV. 

7.  Achrocidin  Compound  Syrup  (Lederle  Laboratories,  Canada) 

Each  ml  of  the  syrup  is  stated  to  contain 
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Tetracycline  HC1 

25 

mg. 

Phenacetin 

24 

mg. 

Salicylamide 

30 

mg. 

Ascorbic  acid 

5 

mg. 

Pyrilamine  maleate 

3 

mg. 

Methyl  paraben 

0.8 

mg. 

Propyl  paraben 

0.2 

mg. 

This  is  a  cherry  flavoured  heavy  syrup  containing  some 
whitish  insoluble  materials.  Under  the  standard  conditions  pre¬ 
viously  established,  each  of  the  different  components  was  polarographed 
to  ascertain  any  possible  interfering  effect  which  they  might  con¬ 
tribute.  Phenacetin  again  in  high  concentration  showed  a  small  wave  as 
discussed  before.  Ascorbic  acid  was  found  to  have  a  well-defined  wave 
but  at  a  much  less  negative  potential  (E  l/2=  -0.15  v)  than  that  of 
tetracycline.  Thus  the  effect  of  ascorbic  acid  could  be  eliminated 
readily  from  the  polarographic  wave  of  tetracycline.  None  of  the  other 
components  were  found  to  produce  any  wave  under  the  conditions  of  the 
test,  except  for  a  slight  increase  in  the  residual  current.  The  blank 
containing  all  these  components  showed,  however,  a  sharp  rise  which 
interfered  with  the  determination  of  the  second  peak  for  tetracycline 
HC1  thus  limiting  the  measurement  to  that  of  the  first  wave.  Again 
the  first  wave  is  an  effective  measurement  of  the  concentration  of 


tetracycline  HC1. 
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The  vial  containing  the  preparation  was  shaken  thoroughly  and 
a  definite  volume  of  the  syrup  was  diluted  with  water.  A  few  drops  of 
3M  HC1  was  added  to  make  certain  that  complete  solution  of  the  tetra¬ 
cycline  was  obtained.  The  results  are  shown  in  Tables  XVI  and  XVII. 

8.  Tetrex  Capsule  (Bristol  Laboratories  of  Canada  Ltd.) 

Each  capsule  is  stated  to  contain  tetracycline  phosphate  complex 
equivalent  to  100  mg.  tetracycline  HC1. 

The  analysis  of  pure  tetracycline  HC1  was  carried  out  in 
borate  buffer.  To  note  whether  there  was  any  effect  due  to  the  presence 
of  phosphate  on  the  waves  obtained  with  borate  buffer,  disodium 
hydrogen  phosphate  was  added  in  varying  amounts  to  the  solution  of 
tetracycline  HC1  analysed.  It  was  found  that  unless  the  amount 
was  greatly  in  excess  of  the  amount  present  in  the  preparation  there 
was  no  effect  on  the  waves  of  tetracycline  HC1.  Sodium  acid  phosphate 
had  the  same  effect.  On  the  other  hand,  if  analysis  of  tetracycline 
HC1  was  carried  out  in  phosphate  buffer  at  the  same  pH  the  waves  formed 
were  slightly  different  from  those  obtained  with  borate  buffer  and  a  max¬ 
imum  appeared  at  the  second  wave.  Addition  of  borate  buffer  to  the 
solution  in  phosphate  buffer  resulted  in  the  waves  becoming  progressively 
more  like  those  obtained  with  borate  buffer. 

The  proportion  of  phosphate  present  in  the  capsule  did  not  have 
any  effect  on  the  waves  of  tetracycline  HC1  obtained  with  borate 
buffer.  To  remove  any  possible  difference  due  to  the  presence  of 
phosphate,  disodium  hydrogen  phosphate  in  the  possible  equimolar 
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proportion  in  which  it  is  present  in  the  capsule  was  added  to  the 
standard  solution  of  the  pure  antibiotic.  To  a  known  amount  of  the 
powder  isopropanol  was  added  until  the  powder  dissolved  and  water 
was  added  to  make  up  the  volume.  The  same  volume  of  the  isopropanol 
solvent  was  added  to  the  standard  solution  of  tetracycline  HC1.  The 
proportion  of  isopropanol  in  the  final  solution  analysed  was  less  than 
0.17o  and  did  not  make  the  media  non-aqueous.  The  results  are  shown 
in  Tables  XVIII  and  XIX. 

9.  Tetrex  I.M.  (Bristol  Laboratories  of  Canada  Limited) 

Each  vial  is  stated  to  contain 

Tetracycline  phosphate  complex  equivalent  to  250  mg.  tetracycline  HC1 

Xylocaine  HC1  40  mg. 

Magnesium  chloride  46  mg. 

Ascorbic  acid  300  mg. 

Xylocaine  in  a  concentration  of  5.00  mg/10  ml.  gave  a  very 
small  wave  at  -1.15v  in  borate  buffer  at  pH  7.75.  But  the  proportion 
in  which  it  is  present  in  the  preparation  had  very  little  effect  since 
the  measurements  were  generally  limited  to  a  maximum  concentration  of 
1.00  mg  tetracycline  HCl/lO  ml.  Magnesium  chloride  was  found  to  have 
a  marked  effect  on  the  two  waves  of  tetracycline  HC1.  The  first  wave 
was  slightly  decreased  and  the  second  wave  was  increased  due  probably 
to  some  complex  formation  between  the  magnesium  ion  and  tetracycline 
HC1.  Addition  of  ethy lenediaminetetraacetic  acid  disodium  salt 
(EDTA)  gradually  increased  the  first  wave  and  decreased  the  second 
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until  at  equimolar  concentration  of  magnesium  chloride  and  EDTA  the 
waves  became  normal  for  pure  tetracycline  HC1  and  there  was  no  further 
change  with  further  increase  in  concentration  of  EDTA,  EDTA  itself  did 
not  have  any  effect  on  the  waves  of  tetracycline  HC1  nor  did  its  chelate 
with  magnesium. 

Ascorbic  acid  had  a  distinct  wave  which  was  complete  at  -.15  v, 
after  which  there  was  a  definite  limiting  current  which  persisted 
up  to  the  waves  of  tdtracycline  HC1. 

A  blank  containing  all  these  components  was  run  to  eliminate 
any  minor  error  in  the  residual  current  of  the  waves  of  tetracycline 
HC1,  The  material  of  the  vial  was  weighed  and  a  known  amount  was 
taken  in  water  and  a  few  drops  of  3M  HC1  was  added  to  ensure  complete 
solution  of  the  tetracycline.  Using  three  times  the  equivalent  con¬ 
centration  of  EDTA  than  the  highest  concentration  of  magnesium  chloride 
present  in  the  pharmaceutical  preparation  used,  analysis  was  carried 
out  in  the  usual  way.  The  results  appear  in  Tables  XX  and  XXI. 

10.  Azotrex  (Bristol  Laboratories  of  Canada  Limited) 

Each  capsule  is  stated  to  contain 

Tetracycline  phosphate  complex  equivalent  to  125  mg.  tetracycline  HC1 
Sulf amethizole  250  mg. 

Phenazopyridine  HC1  50  mg. 

The  powder  of  the  capsule  was  not  completely  soluble  even 
in  the  acidic  pH  range.  A  few  drops  of  3M  HC1  was  added  to  the 
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Each  result  is  an  average  of  five  determinations  +  Standard  Deviation  of  the  Mean. 
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suspension  of  the  powder  in  water  to  ensure  complete  solution  of  the 
antibiotic.  Insoluble  materials  settled  to  the  bottom. 

Sulf amethizole  did  not  give  any  wave  in  the  region  of 
-1.00  to  -1.50‘vbut  concentration  of  3.00  mg/lO  ml.  and  higher  showed 
a  slight  rise  from  -1.35v.  A  blank  containing  the  two  known  components 
of  the  preparation  and  disodium  hydrogen  phosphate  for  reasons  already 
mentioned  under  Tetrex  (page  63  )  was  run  to  remove  any  possible  inter¬ 
fering  effect  of  them  on  the  waves  of  tetracycline  HC1,  and  the 
measurement  was  limited  to  the  first  wave.  The  results  appear  in 
Tables  XXII  and  XXIII. 

11.  Albamycin  T  Tablet  (The  Upjohn  Company,  Canada) 

Each  yellow  coloured  tablet  is  stated  to  contain 
Novobiocin  (as  Albamycin  calcium)  125  mg. 

Tetracycline  HC1  125  mg. 

Novobiocin  did  not  possess  any  polarographic  reduction  wave 
at  any  pH  studied.  It  was  therefore  possible  to  determine  only  the 
amount  of  tetracycline  HC1  present  in  Albamycin  T  tablet. 

The  powder  obtained  by  grinding  the  tablet  in  a  mortar  was 
not  completely  soluble  in  either  the  acid  or  alkaline  pH  range.  The 
suspension  in  water  was  made  acidic  by  adding  a  few  drops  of  3M  HC1 
to  ensure  complete  solution  of  the  tetracycline  HC1.  The  second  wave 
was  not  very  suitable  for  quantitative  measurements,  and  the  measurement 
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was  limited  to  the  first  wave  only.  The  results  appear  in  Tables 
XXIV  and  XXV. 

12.  Albamycin  T  Granules  (The  Upjohn  Company,  Canada) 

Each  vial  is  stated  to  contain 
Tetracycline  base  equivalent  to  62.50  mg.  tetracycline  HC1 
Albamycin  base  6  2.50  mg. 

The  contents  of  a  few  vials  were  weighed  separately  and 
the  mean  weight  was  determined.  The  flavoured  granules  were  powdered 
finely  in  a  mortar.  The  procedure  was  the  same  as  for  Albamycin  T 
tablet  and  quantitative  measurements  were  limited  to  the  first  wave 
since  the  second  wave  was  not  very  suitable.  The  results  appear  in 
Tables  XXVI  and  XXVII. 

(ii  )  Chlorotetracycline  Hydrochloride 

In  1952,  Doskocil  and  Vondracek  (132)  were  the  earliest 
workers  to  use  polarography  for  the  analysis  of  Cl- tetracycline . 

Doskocil  (133)  two  years  later  reported  some  modifications  of  the 
conditions  of  their  polarographic  method  for  simultaneous  determin¬ 
ation  of  Cl- tetracycline  and  oxy tetracycline.  The  polarographic 
behaviour  of  Cl-tetracycline  was  also  studied  by  Krestynova-Tellupilova, 

Macak  and  Santavy  (134). 

The  use  of  oscillography  for  the  identification  of  tetra¬ 
cycline,  Cl-tetracycline  and  oxytetracycline  has  already  been  mentioned  (131). 
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Cl-tetracycline  gave  more  or  less  similar  waves  to  those  of 
tetracycline  and  at  similar  potentials  and  the  pH  range  of  6  to  9  was 
best  suited  for  quantitative  analysis.  The  resolution  between  the  two 
waves  in  borate  buffer,  however,  was  less  defined  and  for  accurate 
measurements  diffusion  currents  had  to  be  measured  over  the  combined 
first  and  second  waves.  In  phosphate  buffer,  there  appeared  two  well 
resolved  waves  in  the  pH  range  of  7.50  to  8.20  and  the  pH  of  7.75 
±  0.05  was  found  most  suitable  for  measuring  diffusion  currents. 

The  half-wave  potentials  were  -1.165vfor  the  first  wave  and  -1.42  v 
for  the  second  wave.  Results  on  the  polarographic  measurements  of 
Cl-tetracycline  are  shown  in  Table  XXVIII  and  Figure  6. 

(ii)a.  Pharmaceutical  Preparations 

1.  Aureomycin  Capsule  (Lederle  Laboratories,  Canada) 

Each  yellow  colored  sealed  capsule  is  stated  to  contain 
250  mg.  tetracycline  HC1  B.P. 

The  contents  of  ten  capsules  were  weighed  separately  and 
the  mean  weight  was  determined.  The  powder  was  not  completely  soluble 
in  water.  Either  the  suspension  or  supernatant  liquid  could  be  used 
for  quantitative  analysis  under  identical  conditions  of  pH  and  buffer 
as  for  the  pure  antibiotic.  The  results  appear  in  Tables  XXIX  and 


XXX. 
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Table  XXVIII 

Data  on  the  Diffusion  Current  of  the  First  Wave  of  Chlorotetracyline 
HC1  in  Phosphate  Buffer  at  pH  7*75  +  .05 ♦  m2/3t1/^=1.68  mg.2^Sec.-1/2 


Concentration 
mg/lO  ml. 

Diffusion  Current 

100  units  =  3  JL|a * 

Average  +  S.D.M. 

0.050 

2.17 

2.00 

2.00 

2.00 

2.00 

2.0  +  0.1 

0.125 

4.00 

4.00 

4.25 

4.00 

4.00 

4.0  +  0.1 

0.250 

7.50 

7.50 

7.50 

7.25 

7.50 

7.4  +  0.1 

0.375 

10.50 

10.75 

10.75 

11.00 

10.75 

10.8  +  0.2 

0.500 

14.00 

13.75 

14.50 

14.00 

13.75 

14.0  +  0.3 

0.750 

21.50 

21.00 

20.50 

21.25 

20.75 

21.0  +  0.4 

1.000 

27.25 

26.50 

28.00 

27.25 

27.50 

27.3  +  0.5 

1.250 

33.25 

3^.50 

34. 00 

34.75 

33.75 

34.0  +  0.6 

. 


'7. 

— — 


Diffusion  Current  (  100  units 
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Concentration  (mg/lO  ml) 


Figure  6.  The  graph  of  Cl-tetracycline  Hydrochloride  standard. 
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(iii  )  Demethyl  Chlorotetracycline  Hydrochloride  (DMCT  HC1) 

There  appears  to  be  no  published  methods  for  the  determination 
of  this  antibiotic  since  this  is  a  relatively  new  member  of  the  tetra¬ 
cyclines.  DMCT  HC1  was  found  to  give  similar  waves  as  those  of  tetra¬ 
cycline  HC1  but  at  slightly  less  negative  potentials,  and  measurement 
could  be  carried  out  in  the  same  pH  range  of  6  to  10  with  either  borate 
or  phosphate  buffer.  However;  to  keep  uniformity,  borate  buffer  of  pH 
7.75  ±  0.05  was  used  for  the  analysis  of  this  antibiotic. 

Both  the  waves  were  well  developed  and  diffusion  current 
measurements  could  be  made  for  either  the  first,  the  second  or  both 
waves  together.  The  antibiotic  was  freely  soluble  in  water.  The 
E  l/2  of  the  first  wave  was  -1.05  ±  O.Olv  and  that  for  the  second  was 
-1.35 v.  The  results  are  shown  in  Table  XXXI  and  Figure  7. 

(iii)  a . Pharmaceutical  Preparations 

1.  Declomycin  Capsule  (Lederle  Laboratories,  Canada) 

Each  capsule  is  stated  to  contain  150  mg.  DMCT  HC1 

The  yellow  powder  was  highly  soluble  in  water  and  the  rate 
of  solution  was  even  faster  than  that  of  the  pure  antibiotic.  Using 
borate  buffer  of  pH  7.75  ±  0.05  the  analysis  was  carried  out  in  the 
usual  way.  The  waves  for  the  pharmaceutical  preparation  were  identical 
with  those  of  the  pure  antibiotic,  which  indicated  that  there  was  no 
interference  from  any  excipient  or  any  other  components.  The  results 
appear  in  Tables  XXXII  and  XXXIII. 
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Table  XXXI 

Date  on  the  Diffusion  Current  of  the  First  Wave  of  Demethyl  Chloro- 
tetracycline  HC1  (DMCT  HCl)  in  Borate  Buffer  at  pH  7.75  +  0.05. 

m  2/3  t  1/6  _  ^  mg>  2/3  Sec>  _  1/2 


T 

Concentration 
mg/lO  ml. 

Diffusion  Current 
100  units  =  3  JU£. 

Average  +  S.D.M. 

0.050 

2.00 

2.00 

2.17 

2.00 

2.00 

2.0  +  0.1 

0.125 

4.25 

4.50 

4.25 

4.25 

4.25 

4.3  +  0.1 

0.250 

8.00 

8.25 

8.25 

8.50 

8.25 

8.2  +  0.2 

0.375 

11.75 

12.00 

11.50 

11.50 

11.75 

11.7  +  0.2 

0.500 

15.25 

15.00 

15.75 

15.25 

15.00 

15.2  +  0.3 

0.750 

22.50 

23.00 

22.00 

22.75 

22.25 

22.5  +  0.4 

1.000 

28.75 

30.25 

29.50 

30.00 

29.50 

29.6  t  0.6 

■ 


•A- 


''  •  !» 


00.  £ 

■  n.  .. 

c. 

Diffusion  Current  (  100  units  =  3  JUp-* 
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Figure  7.  The  graph  of  Demethyl  Chlorotetracycl ine  Hydrochloride  standard. 
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2.  Declomycin  Syrup  (cherry  flavoured)  (Lederle  Laboratories,  Canada) 

The  cherry-red  syrup,  which  is  quite  acidic,  is  a  heavy  liquid 

and  has  a  stated  composition  of 

DMCT  HQ1  15.00  mg/ml 

Methyl  paraben  0.087, 

Propyl  paraben  0.027> 

The  bottle  was  shaken  well  and  an  aliquot  of  the  syrup  was 
diluted  with  water  in  a  volumetric  flask.  A  blank  consisting  of  the 
two  preservatives  was  used  to  remove  any  slight  interfering  effect  they 
might  have  on  the  residual  current.  The  results  are  shown  in 

Tables  XXXIV  and  XXXV. 

3.  Declostatin  Capsule  (Lederle  Laboratories,  Canada) 

Each  sealed  capsule  is  stated  to  contain 
DMCT  HC1  150  mg. 

Nystatin  250,000  units  equivalent  to 

262.50  mg. 

Nystatin  like  novobiocin  did  not  have  any  polarographic 
reduction  wave  at  any  pH  studied  with  potassium  chloride,  borate  buffer 
or  phosphate  buffer  as  supporting  electrolyte,  and  did  not  have  any 
effect  on  the  waves  of  DMCT  HC1. 

The  powder  was  not  completely  soluble  in  water  but  was  soluble 
in  15%  ethanol.  A  standard  solution  was  prepared  in  the  same  manner  for 
analysis  of  this  pharmaceutical  preparation.  The  concentration  of 
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alcohol  in  the  final  solution  analysed  was  not  more  than  170.  The 
results  are  shown  in  Tables  XXXVI  and  XXXVII. 

(iv)  Oxy tetracycline  Hydrochloride 

The  early  polarographic  work  on  oxy tetracycline  was  done  by 
Telupilova  and  Masinova  (135),  Doskocil  (133)  and  Krestynova-Telupilova 
et  al,(134).  These  workers  studied  the  polarographic  behaviour  as  well 
as  conditions  for  quantitative  measurement  of  this  antibiotic. 

Oxy tetracycline  behaved  somewhat  different  than  tetracycline, 

Cl- tetracycline  and  DMCT.  At  low  pH  range  of  3  to  4  there  were  several 
poorly  developed  reduction  waves.  From  pH  4  to  7.50  there  appeared  three 
waves  at  -.94,  -1.21  and  -1.42  v.  Starting  from  pH  7.50  the  first 
two  waves  combined  into  one.  With  increase  in  pH  the  resolution  be¬ 
tween  the  two  waves  became  progressively  better  and  a  pH  of  9.75  was 
found  most  suitable  for  measurement  of  the  diffusion  currents.  Either 
phosphate  or  borate  buffer  could  be  used  to  control  the  pH  within 
±  0.05  of  a  unit.  Borate  buffer  was,  however,  preferable  because  it 
resulted  in  a  more  defined  curve. 

Diffusion  current  measurements  were  more  accurate  for  the 
first  wave  than  the  second  since  the  region  after  the  first  wave  was  quite 
steep  resulting  in  more  error  in  the  measurement  of  diffusion  current 
at  higher  concentration.  The  El/2  values  for  the  two  waves  were 
-1.37  ±  0.01  and  -1.64  ±  0.01  v.  The  results  are  shown  in  Table  XXXVIII 
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Table  XXXVIII 


Data  on  the  Diffusion  Currents  of  the  First  Wave  of  Oxytetracycline  HC1 
in  Borate  Buffer  at  pH  9.75  +  0.05.  m2/3  ^  2/3  Sec>  -l/2 


Concentration 
mg/lO  ml. 

Diffusion  Current 

100  units  =  3  Ha. 

Average  +  S.D.M. 

0.050 

2.00 

1.83 

2.00 

2.00 

2.00 

2.0  +  0.0 

0.125 

3-75 

3.75 

3.75 

3.75 

4.00 

3.8  +  0.2 

0.250 

7.75 

7.50 

7.50 

7.25 

7.50 

7.5  +  0.2 

0.500 

14.00 

14.50 

14.75 

14.50 

14.50 

14.4  +  0.3 

0.750 

21.75 

21.25 

20.75 

21.00 

21.50 

21.2  +  0.4 

1.00 

29.00 

29*75 

29.25 

28,50 

28.75 

29.O  +  0.5 

1.250 

36.25 

35.75 

35.50 

35.25 

34.75 

35-5  +  0.6 

1.500 

42.00 

42.75 

41.50 

42.75 

41.75 

42.0  +  0.6 
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and  Figure  8.  The  results  of  the  microbiological  comparison  are  shown 
in  Table  XXXIX  and  Figure  9. 

Oxy tetracycline  Amphoteric 

Oxy tetracycline  amphoteric  gave  the  same  kind  of  waves  as 
oxy tetracycline  HC1  with  similar  diffusion  current  for  similar  con¬ 
centration  under  identical  conditions.  The  results  are  shown  in 
Table  XL  and  Figure  10.  The  microbiological  comparisons  are  presented 
in  Table  XLI  and  Figure  11. 

(iv)a.  Pharmaceutical  Preparations 

1.  Terramycin  Capsule  (Pfizer  Corporation,  Canada) 

Each  yellow  capsule  is  stated  to  contain 
Oxy tetracycline  HC1  equivalent  to  250  mg.  oxytetracycline 
and  glucosamine  HC1  250  mg. 

Glucosamine  HC1  did  not  show  any  wave  in  the  region  where 
oxytetracycline  HC1  gave  its  waves  and  did  not  have  any  effect  on  the 
waves  of  oxytetracycline  HC1.  The  powder  of  the  capsule  was  not 
completely  soluble  in  water  and  addition  of  3M  acid  or  alkali  did  not 
improve  the  solubility.  A  few  drops  of  3  M  HC1  was  added  to  ensure 
complete  solution  of  oxytetracycline  HC1.  Either  the  suspension 
or  supernatant  liquid  could  be  used  for  analysis  and  gave  similar 
results.  Measurement  of  the  diffusion  current  of  the  first  wave  or 
both  waves  together  could  be  used  to  obtain  good  quantitative  results. 


The  results  are  shown  in  Tables  XLII  and  XLIII. 
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Figure  8.  The  graph  of  Oxytetracycline  Hydrochloride  standard. 
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Table  XXXIX 


Comparison  of  the  Microbiological  and  Polarographic  Measurement 

of  Oxytetracycline  Hydrochloride. 


Temperature  of 
Heating 

o°c 

Average  Diffusion 
Current 

100  Units  =  3 /la* 

Average  Diameter 
of  zone  of 
inhibition 

mm. 

Correlation 

Coefficient 

r 

100 

22.0 

20 

no 

22.0 

20 

120 

20.0 

19 

O.98* 

130 

11.4 

l4 

135 

4.5 

7 

l4o 

0 

0 

9554  =  0.95 

99/°  =  0.99 

*  Significant  at  9 J)°  level. 
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Figure  9.  The  comparison  of  microbiological  and  polarographic 


measurement  of  Oxytetracycline  HC1  during  degradation. 
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Table  XL 

Data  on  the  Diffusion  Currents  of  the  First  Wave  of  Oxytetracyeline  Ampho¬ 
teric  in  Borate  Buffer  at  pH  9.75  +  0.05.  t1/6  =  1.65  mg.  2/3Sec.-1/2 


Concentration 
mg/lO  ml . 

Diffusion  Current 
100  units  -  3 

Average  +  S.D.M. 

0.050 

2.50 

2.50 

2.50 

2.50 

2.67 

2.5  +  0.1 

0.125 

4.25 

4.00 

4.25 

4.25 

4.25 

4.2  +  0.1 

0.250 

7.25 

7.50 

7.50 

7-75 

7.50 

7.5  +  0.2 

0.375 

11.25 

11.00 

11.25 

11.25 

11.75 

11.3  +  0.3 

0.500 

14.50 

14.00 

14.75 

14.50 

14.50 

14.4  +  0.3 

0.750 

22.00 

22.50 

21.50 

21.75 

22.25 

22.0  +  0.4 

1.000 

28.25 

29.50 

29.00 

28.75 

28.25 

28.8  +  0.5 

1.250 

35.75 

36.50 

36.00 

35.50 

35.00 

35.8  +  0.6 

Diffusion  Current  (  100  units  =  3JJa 
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Figure  10.  The  graph  of  Oxytetracycline  Amphoteric  standard. 
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Table  XLI 


Comparison  of  the  Microbiological  and  Polarographic  Measurement 

of  Oxytetracycline  Amphoteric. 


Temperature  of 
Heating 

0°  C 

Average  Diffusion 
Current 

100  Units  =  3Jj[a. 

Average  Diameter 
of  zone  of 
inhibition 

mm. 

Correlation 

Coefficient 

r 

90 

23-0 

18 

100 

23.0 

18 

no 

11.8 

14 

O.95* 

120 

1.8 

5 

130 

0.2 

0 

140 

0 

0 

95$  =  0.878 

99$  =  0.959 

*  Significant  at  95$  level. 
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Figure  11.  The  comparison  of  microbiological  and  polarographic 
measurement  of  Oxytetracycline  Amphoteric  during  degradation. 
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Results  on  the  Polarographic  Determination  of  the  Concentration  of  Oxytet racy cline  Hydrochloride 

in  Terramycin  Capsule  (Pfizer  -  250  mg. /capsule) 
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Results  on  the  Polarographic  Determination  of  the  Recovery  of  Added  Oxytetracycline  Hydrochloride  from 
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2.  Terramycin  I.V.  Powder  (Pfizer  Corporation,  Canada) 

Each  vial  is  stated  to  contain  250  mg.  oxytetracycline  HC1 
buffered  with  ascorbic  acid. 

In  borate  buffer  of  pH  9.75  ascorbic  acid  in  concentration  of 
5.00  mg/  10  ml  and  higher  gave  a  very  small  wave  at -0.90  v.  and  after 
that  had  an  almost  horizontal  line  up  to  the  decomposition  potential 
for  the  waves  of  the  oxytetracycline  HC1.  The  proportion  in  which 
ascorbic  acid  is  present  in  the  I.V.  powder  showed  no  effect  on  the 
residual  current  of  the  waves  of  oxytetracycline  HC1  since  the  measure¬ 
ment  was  carried  out  up  to  a  concentration  of  1.25  mg  oxytetracycline 
HCl/  10  ml.  If  measurement  was  intended  for  concentration  higher  than 
this  level,  a  blank  containing  ascorbic  acid  had  to  be  run  for  good 
quantitative  results,  which  was  difficult  since  the  amount  of  ascorbic 
acid  in  the  I.V.  powder  was  not  known. 

The  terramycin  I.V.  powder  was  completely  soluble  in  water. 
The  results  are  shown  in  Tables  XLIV  and  XLV. 

3.  Terramycin  I.M.  solution  (Pfizer  Corporation,  Canada) 

Each  ml  of  the  two  ml  ampoules  is  stated  to  contain 


Oxytetracycline 

50  mg. 

Lidocaine 

2 . 00% 

Magnesium  chloride 

(MgCl2,  6  H20) 

2.50% 

Sodium  formaldehyde 

sulf oxylate 

0.50% 

Ethanolamine 

1.70% 

Propylene  glycol 

75.20% 
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Lidocaine  at  a  concentration  of  5.00  mg/lO  ml  showed  a  very 
small  wave  at  -1.35  v  i.e.  in  the  region  of  the  first  wave  of  oxy- 
tetracycline  HC1.  However,  the  proportion  in  which  it  is  present  in 
the  I.  M.  solution  had  no  significant  effect,  since  the  analysis  was 
limited  mostly  to  low  concentration  of  the  antibiotic.  None  of  the 
other  components  had  any  effect  except  magnesium  chloride. 

Magnesium  chloride  showed  the  same  kind  of  effect  on  the 
waves  of  oxy tetracycline  as  was  encountered  in  the  case  of  tetra¬ 
cycline  HC1  present  in  Tetrex  I.M.  (page  66).  EDTA  was  a  satis¬ 
factory  chelating  agent  to  remove  the  interfering  effect  of  magnesium 
ion  on  the  reduction  waves  of  oxy tetracycline  HC1.  Magnesium- EDTA 
did  not  have  any  effect  on  the  original  waves  of  the  antibiotic. 

A  blank  consisting  of  all  the  known  components  in  the  same 
proportion  as  are  present  in  the  pharmaceutical  preparation  was 
run  to  get  a  true  measurement  of  the  concentration  of  the  antibiotic. 
Propylene  glycol  in  the  proportion  in  which  it  is  present  in  the 
pharmaceutical  preparation  was  added  during  the  preparation  of  the 
standard  solution  of  oxy tetracycline  HC1.  Using  approximately  three 
times  the  equivalent  amount  of  EDTA  for  the  magnesium  present  in 
the  samples,  analysis  was  carried  out  in  the  usual  way.  The  I.  M. 
solution  was  diluted  sufficiently  with  water  to  obtain  a  workable 
concentration  of  oxy tetracycline  HC1.  The  results  are  shown  in 


Tables  XLVI  and  XLVII. 
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4.  Terramycin  Otic  (Pfizer  Corporation,  Canada) 

When  prepared  as  directed  in  3  ml  of  90%  propylene  glycol,  each 
ml  is  stated  to  contain 

Oxytetracycline  HC1  equivalent  to  5  mg  base 

Polymyxin  B  sulphate  =  10,000  units  equivalent  to 

1  mg.  polymyxin  B  standard. 

Benzocaine  =  50  mg. 

The  determination  of  potency  could  be  carried  out  either  on 
the  dry  powder  or  after  preparing  the  solution  as  directed.  The  dry 
powder  was  preferred  and  was  added  to  water  in  a  volumetric  flask  to 
prepare  the  stock  preparation. 

In  borate  buffer  of  pH  9.75,  benzocaine  at  a  concentration  of 
15  mg./lO  ml  or  higher,  showed  a  very  small  gradual  rise  from  -1.25  to 
-1.60  v  and  a  small  wave  at  -1.71  v.  Polymyxin  B  sulphate  in  the  same 
condition  began  to  rise  very  slowly  from  -1.45  v.  with  a  sharp  rise  at 
-1.65  v. 


A  blank,  containing  benzocaine  and  polymyxin  B  sulphate  in 
the  proportion  in  which  they  appear  in  the  preparation  was  used  for 
comparison.  Measurement  of  diffusion  current  was  limited  to  the 
first  wave  since  there  was  a  rise  in  the  region  of  the  second  wave  of 
oxytetracycline  HC1.  Polymyxin  present  in  the  pharmaceutical  pre¬ 
paration  could  not  be  measured  due  to  the  interference  from  the  second 
wave  of  oxytetracycline  HC1  and  a  high  diffusion  current  due  to 
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benzocaine  in  that  region.  The  results  are  shown  in  Tables  XLVIII 
and  XLIX. 

5.  Terramycin  Vaginal  Tablets  (Pfizer  Corporation,  Canada) 

Each  tablet  is  stated  to  contain 

Oxy tetracycline  (as  oxy tetracycline  HC1)  =  100  mg. 

Polymyxin  B  standard  (as  polymyxin  B  =10  mg. 

sulphate) 

The  powder  of  the  tablet  was  found  to  be  not  completely  soluble 
in  water.  A  few  drops  of  3  M  HC1  was  added  to  the  aqueous  suspension 
to  ensure  complete  solution  of  the  oxytetracycline  HC1. 

Polymyxin  B  sulphate  had  the  same  effect  on  the  waves  of 
oxy tetrcyc line  HC1  as  discussed  under  Terramycin  Otic  Solution  and 
the  measurement  of  the  concentration  of  oxytetracycline  HC1  present 
in  the  tablet  was  done  with  reference  to  the  first  wave  only.  The 
results  are  shown  in  Tables  L  and  LI. 

(v)  Calcium  Diterramycin  (Ca-dioxytetracycline) 

Ca-diterramycin  is  a  salt  of  one  molecule  of  calcium  and 
two  molecules  of  oxytetracycline  HC1.  It  is  insoluble  in  water 
and  was  dissolved  in  water  using  3  M  HC1.  Under  similar  conditions 
of  pH  and  buffer  to  those  used  for  oxytetracycline  HC1,  it  gave 
waves  at  the  same  potentials  but  they  were  slightly  different  from 
those  of  oxytetracycline  HC1.  For  the  equivalent  amount  of  oxytetra¬ 
cycline  present  in  Ca-diterramycin  and  oxytetracycline  HC1  the  first 
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Each  result  is  an  average  of  five  determinations  +  Standard  Deviation  of  the  Mean. 
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Results  on  the  Polarographic  Determinations  of  the  Concentration  of  Oxytetracycline  in 

Terramycin  Vaginal  Tablet  (Pfizer  -  100  mg/tablet ) . 
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Each  Result  is  an  average  of  five  determinations  +  Standard  Deviation  of  the  Mean. 
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wave  in  the  former  was  slightly  smaller  and  the  second  slightly  larger 
than  the  waves  observed  for  oxytetracycline  HC1  alone. 

Carrying  out  polarographic  analysis  for  calcium  chloride 
it  was  found  that  the  calcium  ion  gave  an  E  l/2  at  much  more  negative 
potential  under  the  conditions  used  for  antibiotic  determination. 

But  when  it  was  added  to  oxytetracycline  HC1,  it  influenced  the  waves 
of  the  antibiotic.  When  EDTA  was  added  to  this  mixture  the  first  wave 
began  to  increase  and  the  second  wave  decreased  until  with  equimolecular 
concentration  of  calcium  ion  and  EDTA  the  waves  became  identical  with 
those  of  the  pure  oxytetracycline  HC1.  Under  this  condition  Ca- 
diterramycin  behaved  in  an  identical  manner  to  pure  oxytetracycline 
HC1.  Using  approximately  three  times  the  equivalent  concentration 
of  EDTA  than  the  amount  of  calcium  present,  the  analysis  was  carried 
out  in  borate  buffer  at  pH  9.75  as  in  the  case  of  oxytetracycline  HC1. 
The  results  are  shown  in  Table  LII  and  Figure  12.  The  result  of  the 
microbiological  comparison  are  shown  in  Table  LIII  and  Figure  13. 

(v)a.  Pharmaceutical  Preparations 

1.  Terramycin  Pediatric  Drops  (Pfizer  Corporation,  Canada) 

Each  ml  of  the  preparation  is  stated  to  contain 

Ca-di terramycin  equivalent  to  100  mg.  oxytetracycline 

N-acetyl  glucosamine  equivalent  to  100  mg.  glucosamine  HC1 

N-acetyl  glucosamine  like  glucosamine  HC1  did  not  have  any 
wave  in  the  region  of  oxytetracycline  HC1.  The  heavy  suspension  was 
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Table  LII 

Data  on  the  Diffusion  Currents  of  the  First  Wave  of  Ca-Diterramycin  in 
Borate  Buffer  at  pH  9.75  ±  0.05  and  EDTA.  m^t1/6  =  1.65  mg.2^3Sec .  ”1^2 


Concentration 

Diffusion  Current 

Average  +  S.D.M. 

mg/ 10  ml. 

100  units  =  3JJ& 

2.00 

2.00 

0.050 

2.00 

2.0  +  0.1 

2.17 

2.00 

4.00 

4.00 

0.125 

4.00 

4.0  +  0.1 

4.00 

4.25 

7.00 

7.25 

0.250 

7.00 

7.1  +  0.1 

7.25 

7.00 

10.25 

10.00 

0.375 

10.50 

10.2  +  0.2 

10.25 

10.25 

14.00 

13.75 

0.500 

14.50 

14.0  +  0.3 

14.00 

13.75 

20.25 

20.50 

0.750 

20.75 

20.2  +  0.4 

20.00 

19-75 

26.50 

25.75 

26.6  +  0.5 

1.000 

27.25 

26.50 

27.00 

33.50 

34.00 

1.250 

32.25 

33.00 

32.75 

33.5  1  0.7 

r;  'JortcO 


'  .  U 


M— ... 


Diffusion  Current(  100  =  3JUa 
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Figure  12.  The  graph  of  Calcium  Diterramycin  standard. 
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Table  LIII 


Comparison  of  the  Microbiological  and  Polarographic  Measurement 

of  Calcium  Diterramycin. 


Temperature  of 
Heating 

0°  c 

Average  Diffusion 
Current 

100  Units  =  3 /(a. 

Average  Diameter 
of  zone  of 
inhibition 

mm. 

Correlation 

Coefficient 

r 

90 

22.0 

18 

100 

22.0 

18 

no 

19.0 

13 

O.97* 

120 

4.5 

12 

130 

2.0 

8 

140 

0 

0 

95 $  =  0.95 

99f>  =  O.99 

*  Significant  at  9 5$  level. 


i  it  • 


(  100  units  =  3  JGp. .  ) 

Diffusion  Current  and  Diameter  (mm)  of  Zone  of  Inhibition 
7.5  10  12.5  15  17.5  2 
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Figure  13.  The  comparison  of  microbiological  and  polarographic 


measurement  of  Calcium  Diterramycin  during  degradation. 
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diluted  with  water  and  a  few  drops  of  3  M  HC1  was  added  to  convert 
Ca-diterramycin  to  soluble  oxy tetracycline  HC1. 

To  remove  the  effect  of  calcium  ion  on  the  waves  of  oxytetra- 
cycline  HC1,  EDTA  in  the  proportion  already  mentioned  was  used  in  the 
analysis  of  terramycin  pediatric  drops.  The  results  are  shown  in 
Tables  LIV  and  LV. 

(vi)  Polarographic  Differentiation  Among  Different  Tetracyclines 

In  all  cases  of  polarographic  reduction  of  the  various 
tetracyclines  it  was  thought  that  the  two  major  waves  corresponded 
to  the  reduction  of  the  two  carbonyl  groups  which  are  present  in  the 
molecule  (136). 

Polarographically,  it  was  not  easy  to  differentiate  among 
the  members  of  the  tetracycline  antibiotics.  However,  the  following 
polarographic  behaviour  was  helpful  in  distinguishing  tetracycline, 
Cl-tetracycline,  DMCT  and  oxy tetracycline  from  one  another. 

In  phosphate  buffer  at  pH  6.00,  tetracycline,  Cl-tetracycline, 
DMCT  and  oxy tetracycline  all  gave  three  waves  and  with  little 
difference  in  the  El/2  values  but  the  second  wave  of  tetracycline 
was  smaller  than  that  of  Cl-tetracycline  and  DMCT. 

In  the  same  buffer,  at  pH  6.75,  DMCT  gave  only  two  waves.  The 
second  wave  of  the  three  waves  of  tetracycline  was  absent  in  DMCT  and 
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although  present  was  insignificant  in  Cl-tetracycline  at  this  pH. 
Oxy tetracycline  gave  three  poorly  developed  waves  under  this 
condition . 


At  pH  7.25,  tetracycline  gave  a  very  small  second  wave  like 
the  second  wave  of  Cl-tetracycline  at  pH  6.75  and  both  Cl-tetracycline 
and  DMCT  gave  two  waves  only.  Oxy tetracycline  still  gave  three  poorly 
resolved  and  ill-developed  waves. 

At  pH  7.75,  all  the  antibiotics  gave  only  two  waves.  Tetra¬ 
cycline,  Cl-tetracycline  and  DMCT  gave  similar  waves  whereas  the  waves 
of  oxytetracycline  were  quite  different.  From  pH  8.50  onwards  all  of 
them  showed  the  same  polarographic  waves. 

In  borate  buffer  at  pH  7.75,  there  was  found  to  be  a 
slight  difference  in  the  two  waves  of  tetracycline,  Cl-tetracycline 
and  DMCT.  Tetracycline  and  Cl-tetracycline  gave  two  waves  at  the 
same  potentials,  but  the  two  waves  in  the  case  of  the  latter  were  not 
significantly  separated.  The  two  waves  of  DMCT  were  obtained  at  slight¬ 
ly  less  negative  potentials.  The  El/2  values  for  the  two  waves 
were  -1.17  and  -1.40  v  for  tetracycline  and  -1.05  and  1.35  v  for  the 
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II.  Streptomycins 

(i)  Streptomycin  Sulphate 

Levy,  Schwed  and  Sackett  (137)  in  1946  did  the  first 
polarographic  work  on  streptomycin.  They  developed  the  first 
polarographic  method  for  determining  streptomycin  using  the  pH 
range  of  13.60  -  13.80  with  tetramethyl  ammonium  hydroxide  as  the 
base  electrolyte.  Bricker  and  Vail  (138)  used  this  polarographic 
method  to  study  the  alkaline  decomposition  of  this  antibiotic. 

Heuser,  Dolliver  and  Stiller  (139)  used  the  polarographic  method 
for  studying  the  tautomeric  changes  of  crystalline  streptomycin 
salts  from  the  difference  in  the  forms  of  the  wave. 

An  amperometric  method  for  determining  both  streptomycin 
and  dihydrostreptomycin  was  developed  by  Conn  and  Norman  (140) 
which  was  based  on  the  formation  of  a  water  insoluble  compound  of 
these  two  antibiotics  with  certain  anion  dyes. 

Goodey,  Couling  and  Hart  (141)  used  the  polarographic 
method  for  the  determination  of  streptomycin  in  fermentation  broth 
to  check  the  yield  of  production  of  the  antibiotic,  da  Cunha  (142) 
reported  in  1963  a  polarographic  method  for  the  analysis  of  a 
mixture  of  streptomycin  and  dihydrostreptomycin.  According  to  this 
method  the  determination  of  streptomycin  was  followed  in  the  same 
way  as  described  earlier  using  O.lNsodium  hydroxide.  Dihydrostrepto¬ 
mycin  measurement,  however,  was  indirect.  He  used  two  such  methods  for 
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its  determination.  The  first  was  based  on  the  lowering  of  polarographic 
maxima  of  the  cobalt  wave  by  dihydrostreptomycin  and  the  second  was 
based  on  the  measurement  of  formaldehyde  produced  by  oxidation  of  this 
antibiotic  with  periodate  (cf.  Garloch  and  Grove,  J.  Clin.  Invest. 
28,843,1949). 

The  polarographic  behaviour  of  streptomycin  in  the  present 
work  is  summarized  as  follows: 

In  the  acid  pH  range  there  were  several  irregular  small  waves. 
In  the  alkaline  region  from  pH  8.50  there  were  two  well  defined  ad¬ 
jacent  waves  in  which  the  second  wave  was  not  very  sharp.  At  pH  10 
the  second  wave  had  the  best  shape  and  after  that  point  it  began  to 
lose  its  shape  until  at  pH  12.25  it  completely  vanished  and  there 
was  only  one  wave.  At  pH  13.45  this  single  wave  was  most  suitable 
for  the  measurement  of  diffusion  current  (Figure  14) . 

At  such  high  pH,  a  suitable  buffer  was  difficult  to  obtain. 

The  use  of  alkalis  like  sodium  hydroxide  or  tetraethyl  ammonium 
hydroxide  was  found  necessary  and  tetraethyl  ammonium  hydroxide  was 
preferred  as  the  antibiotic  was  more  stable  in  it  than  sodium  hydroxide 
(138).  The  E  if 2  value  for  the  single  wave  was  -1.61  ±  0.01  v.  The 
results  are  shown  in  Table  LVI  and  Figure  15.  The  results  of  the 
microbiological  comparison  are  shown  in  Table  LVII  and  Figure  16. 
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Table  LVI 


Data  on  the  Diffusion  Currents  of  the  Single  Wave  of  Streptomycin  Sulphate 


in  Tetraethyl  Ammonium  Hydroxide  at  pH  13.45  +  0.05 
m  2/3  t  1/6  =  1.6l  mg.  2/3  Sec.  "  X/Z 


Concentration 
mg/10  ml. 


Diffusion  Current 
100  units  =  3  Ua« 


Average  +■  S.D.M. 


0.050 


1.75 

1.67 

1.75 

1.75 

1.75 


1.7  +  0.0 


0.125 


4.25 

4.25 

4.25 

4.25 

4.50 


4.3  +  0.1 


0.250 


8.50 

8.25 

8.75 

8.50 

8.50 


8.5  +  0.2 


0.375 


13.00 

12.75 

12.75 

12.50 

12.75 


12.8  +  0.2 


0.500 


17.50 
17.00 

16.50 
16.75 
17.25 


17.0  +  0.3 


0.750 


25.50 

25.00 

25.25 

26.00 

25.50 


25.4  +  0.4 


1.000 


34.00 

34.50 

33.50 


33.75 

34.50 


34.0  +  0.4 


1.250 


42.08 

42.50 

43.33 

41.25 

42.92 


42.4  +  0.8 


Diffusion  Current  (  iqq  units  =  3  Jla 
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Figure  15.  The  graph  of  Streptomycin  Sulphate  standard. 


. 


-  133  - 


Table  LVII 


Comparison  of  Microbiological  and  Polarographic  Measurement 

of  Streptomycin  Sulphate. 


Temperature  of 
heating 

0°  c 

Average  Diffusion 
current 

100  Units  =  3  yUa« 

Average  Diameter 
of  zone  of 
inhibition 

ram. 

Correlation 

Coefficient 

r 

80 

18.0 

17 

90 

18.0 

17 

100 

17.2 

16 

110 

16.0 

16 

O.98* 

120 

13.0 

14 

130 

10.0 

12 

l4o 

7.0 

9 

95$  =  0.754 

99#  =  0.874 

150 

4.5 

7 

*  Significant  at  99 $  level. 
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Figure  16.  The  comparison  of  microbiological  and  polarographic 


measurement  of  Streptomycin  Sulphate  during  degradation. 
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Streptomycin  gave  two  waves  in  the  pH  range  8  -  12,  and  it  is 
known  that  these  two  waves  combined  at  higher  temperature  and  Brezina 
and  Zuman  surmised  that  the  first  wave  corresponded  to  the  reduction 
of  the  free  aldehyde  group,  which  was  hydrated  in  solution,  and  the 
second  wave  corresponded  to  the  aldehyde  group  which  was  partially 
blocked  with  a  guanidine  or  amino  group  (143).  Since  dihydrostrepto¬ 
mycin  differs  from  streptomycin  only  in  having  an  alcohol  group  in 
place  of  the  free  aldehyde  group  of  the  latter,  it  should  follow  that 
only  one  reduction  wave  would  occur  in  the  pH  range  of  8  -  12.  In 
fact  there  did  appear  to  be  only  one  wave  but  it  was  found  to  occur 
at  a  more  negative  potential  than  the  waves  of  streptomycin  would 
suggest  and  before  it  was  fully  developed  the  base  electrolyte  wave 
began  to  interfere.  At  lower  pH  there  were  some  irregular  waves.  A 
variety  of  base  electrolytes  were  used  in  vain.  A  well  developed  wave 
could  not  be  produced  in  the  pH  range  of  8  -  12. 

Polarographic  oxidation  of  the  secondary  alcohol  group 
present  in  dihydrostreptomycin  to  the  aldehyde  group  was  also  tried  in 
a  few  ordinary  media,  but  again  with  no  success. 

(ii)  S treptohydrazid 

Streptohydrazid  is  a  complex  mixture  of  streptomycin  sulphate 
and  isoniazid.  From  pH  3  -  11,  two  large  polarographic  waves  occurred 
which  were  very  close  to  one  another  and  these  were  followed  by  a  small 
third  wave.  From  pH  11  -  12  there  were  only  two  waves  but  the  peak  of 
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the  first  wave  was  nearly  masked  by  the  smaller  wave.  Beyond  pH  12 
a  single  wave  was  obtained.  From  the  preliminary  studies  of  E  l/2 
values  of  the  waves  of  streptomycin  sulphate,  isoniazid  and  strepto- 
hydrazid  under  identical  conditions  of  pH  etc.,  it  seemed  that  where 
there  were  two  waves  obtained  with  strep tohydrazid  the  first  wave  was 
due  to  the  isoniazid  part  and  the  second  wave  was  due  to  the  strepto¬ 
mycin  moiety.  A  mixture  of  streptomycin  sulphate  and  isoniazid  in 
the  proportion  in  which  they  are  present  in  strep tohydrazid,  was  found 
to  give  waves  whose  diffusion  currents  were  correspondingly  less 
than  those  of  the  waves  for  the  same  amounts  of  these  two  components 
separately.  And  at  pH  above  12.00  where  the  mixture  gave  two  waves 
the  second  wave  gradually  diminished  with  time  until  after  about 
20  -  24  hours  it  completely  disappeared  and  the  single  wave  corresponded 
identically  with  the  single  wave  of  a  fresh  equimolar  concentration  of 
streptohydrazid .  It  thus  appeared  that  some  polarographically  active 
groups  of  streptomycin  were  involved  in  the  formation  of  the  strepto¬ 
hydrazid  complex. 

Since  streptohydrazid  gave  a  single  wave  above  pH  12.00  and 
the  two  waves  that  were  obtained  below  pH  11.00  were  not  separated 
from  one  another,  pH  13.45  with  tetraethyl  ammonium  hydroxide  was  most 
suitable  for  quantitative  measurement  of  streptohydrazid.  The  El/2 
value  for  the  single  wave  was  -1.41  ±  0.01  v.  The  results  are  shown 
in  Table  LVIII  and  Figure  17.  Microbiological  comparisons  are 
presented  in  Table  LIX  and  Figure  18. 
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Table  LVXII 


Data  on  the  Diffusion  Currents  of  the  Single  Wave  of  Streptohydrazid  in 
Tetraethyl  Ammonium  Hydroxide  at  pH  13.45  +  0.05 

»  2/3  t  ^  =  1.62  Mg.  2/3  sec.  -  1/2 


Concentration 
mg-/l0  ml. 

Diffusion  Current 
100  units  =  3  Ha. 

Average  +  S.D.M. 

0.050 

2.37 

2.25 

2.25 

2.25 

2.25 

2.3  +  0.0 

0.125 

4.75 

4.75 

4.50 

4.75 

4.75 

4.7  +  0.1 

0.250 

9.00 

9.25 

8.75 

9.00 

9.00 

9.0  +  0.2 

0.375 

12.75 

12.50 

12.75 

13.00 

12.75 

12.8  +  0.2 

0.500 

17.50 

16.75 

16.75 

17.25 

17.00 

17.0  +  0.3 

0.750 

25.75 

24.50 

25.50 

25.25 

25.25 

25.2  +  0.5 

1.000 

33.50 

32.75 

34.00 

33.00 

3^.50 

33.5  +  0.6 

1.250 

41.00 

42.50 

40.50 

42.00 

41.50 

41.5  +  0.8 

;  oltf*  :  f  .D0OO 


0?T.  ) 


— 


<*S.J 


Diffusion  Current  (  100  units  *  3-Aa* 
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Figure  17.  The  graph  of  Streptohydrazid  standard. 
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Table  LIX 


Comparison  of  the  Microbiological  and  Polarographic  Measurement 

of  Streptohydrazid 


Temperature  of 
heating 

0°  C 

Average  Diffusion 
Current 

100  Units  = 

Average  Diameter 
of  zone  of 
inihibition 

mm. 

Correlation 

Coefficient 

r 

100 

22.0 

1 6 

110 

21.0 

1 6 

120 

21.0 

1 6 

0.95* 

130 

21.0 

1 6 

l40 

20.0 

14 

150 

16.0 

l4 

95  i>  =  0.997 

99$  =  1.000 

*  Not  significant  at  any  level. 
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. 


(  100  units  =  3JH.a.  ) 

Diffusion  Current  and  Diameter  (mm)  of  Zone  of  Inhibition 
7.5  10  12.5  15  17.5  2 
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Temperature  (0°C) 


Figure  18.  The  comparison  of  microbiological  and  polarographic 
measurement  of  Streptohydrazid  during  degradation. 
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III Xi)  Chloramphenicol 

The  polarographic  estimation  of  chloramphenicol  was  first 
described  in  1950  by  Hess  (144).  More  than  a  decade  later,  Lanza 
(145)  described  a  polarographic  method  for  continuous  measurement  of 
eluates  of  chloramphenicol  from  ion  exchange  columns. 

Russu,  Cruceanu  and  Barcaru  (146)  have  shown  another  example 
of  the  polarographic  measurement  of  chloramphenicol  in  suppositories 
in  non-aqueous  media.  Summa  (147)  very  recently,  demonstrated  the 
use  of  the  polarographic  method  for  the  measurement  of  chloramphenicol 
preparations . 

One  difficulty  associated  with  the  polarographic  method  of 
measurement  of  chloramphenicol  is  that  both  the  antibiotic  and  its 
hydrolysis  product,  l-p-nitrophenyl-2-amino-l, 3, -propanediol,  give 
well  defined  waves  which  correspond  closely  both  in  E  l/2  and 
diffusion  current  (144).  However^ Summa  stated  that  it  appears  that 
the  hydrolysis  product  is  not  a  normal  decomposition  product  or  by¬ 
product  in  the  synthesis  of  this  antibiotic. 

The  poor  solubility  of  the  antibiotic  in  water  presented 
a  problem.  A  major  portion  of  chloramphenicol  remained  floating  on 
the  surface  of  the  water.  Addition  of  acid  or  alkali  caused  only 
partial  improvement  in  the  solubility.  To  obtain  a  complete  solution 
of  the  antibiotic  it  was  first  dissolved  in  107,  alcohol.  The  con¬ 
centration  of  alcohol  after  subsequent  dilution  with  water  and  buffer 
for  analysis  was  not  more  than  0.507>. 
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From  pH  3  to  4.50,  chloramphenicol  gave  three  reduction  waves 
and  from  pH  5.00  to  10.00  always  gave  two  waves  which  changed  their 
form  gradually  with  increased  pH  but  the  diffusion  current  remained 
fairly  constant.  Any  of  the  phosphate,  borate  or  biphthalate  buffers 
could  be  used.  Acetate  buffer  was  not  suitable  since  the  buffer  gave 
a  small  wave  immediately  before  the  waves  of  the  antibiotic  al¬ 
though  larger  waves  of  chloramphenicol  were  obtained  in  this  buffer. 

In  both  phosphate  and  borate  buffer,  the  residual  current  was  found 
to  increase  slowly.  Biphthalate  buffer  gave  a  much  better  residual 
current  and  was  the  buffer  of  choice.  The  most  suitable  pH  was  found 
to  be  5.20  ±  0.05.  A  maximum  appeared  after  the  first  wave  and  a  few 
drops  of  0.17c  gelatin  were  used  to  suppress  the  maximum.  The  first 
wave  was  found  to  be  much  better  than  the  second  wave  for  quantitative 
measurements  of  diffusion  current.  The  El/2  values  for  the  two  waves 
at  this  pH  in  biphthalate  buffer  were  0.345  ±  0.005  v  &  -0.72  ±  0.01  v. 
The  results  are  shown  in  Table  LX  and  Figure  19. 

(i)  a  Pharmaceutical  Preparations 

1.  Chloromycetin  Ophthalmic  (Parke  Davis  and  Co.) 

Each  vial  is  stated  to  contain  25  mg.  chloramphenicol  and 
borate  buffer  equivalent  to  100  mg.  boric  acid. 

Borate  buffer  itself  did  not  cause  a  wave  in  the  region  of 
the  waves  of  chloramphenicol.  The  addition  of  borate  buffer  to  the 
solution  of  the  antibiotic  did  not  interf erewith  the  waves  of  the 
antibiotic  when  analysed  in  biphthalate  buffer.  Boric  acid  in  the  same 
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Table  LX 


Data  on  the  Diffusion  Currents  of  Chloramphenicol  in  Biphthalate  Buffer 
at  pH  5-20  +  0.05.  m  2/3  t  1/6  =  1.70  mg.  2/3  Sec.  "  1/2 


Concentration 
mg./lO  ml. 

Diffusion  Current 
100  units  =  31fe. 

Average  +  S.D.M. 

0.025 

2.17 

2.00 

2.23 

2.00 

2.10 

2.1  +  0.1 

0.05 

4.00 

4.00 

4.17 

4.08 

3.95 

4.0  +  0.1 

0.125 

10.25 

10.25 

10.00 

9.75 

9.75 

10.0  +  0.2 

0.25 

21.00 

19.75 

20.00 

20.25 

20.25 

20.2  +  0.5 

0.375 

31.00 

30.25 

29.25 
£9*75 

30.75 

30.2  +  0.7 

0.50 

39.00 

4i.oo 

40.25 

39.25 

39  75 

39.8  +  0.8 

0.75 

62.08 

60.00 

59.58 

60.00 

59.58 

60.2  +  1.0 

1.00 

80.00 

80.42 

79.17 

81.25 

77.92 

79-8  +  1.3 
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Concentration  (mg/10  ml) 


Figure  19.  The  graph  of  Chloramphenicol  standard. 
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proportion  as  is  present  in  the  preparation  was  added  to  the  standard 
solution  of  the  antibiotic.  The  powder  was  dissolved  in  10.007,  alcohol 
in  which  it  was  found  completely  soluble.  The  results  are  shown  in 
Tables  LXI  and  LXII. 

2.  Chloromycetin  Cream  1%  (Parke  Davis  and  Co.) 

Each  gm.  of  the  cream  is  stated  to  contain  10  mg.  chlor¬ 
amphenicol  in  a  water  immiscible  ointment  base  with  0.17,  propyl  paraben 
as  preservative. 

The  cream  was  dissolved  in  isopropanol.  When  biphthalate 
buffer  was  added  to  carry  out  the  analysis  the  materials  of  the  cream 
became  insoluble  and  there  was  considerable  foaming  during  deaeration 
which  interfered  with  the  analysis.  Although  it  was  not  attempted, it 
was  thought  that  if  the  buffer  could  also  be  prepared  in  a  non-aqueous 
solvent  the  analysis  might  be  possible.  This  would  eliminate  the 
lengthy  extraction  procedure  used  by  Summa  (147). 


IV.  Neomycin  Sulphate 

Bulant  and  Parizkova  in  their  paper  (70)  mentioned  the 
use  of  a  polarographic  method  together  with  a  spectrophotometric 
method  for  the  determination  of  neomycin  methanesulphonate .  The 
method  was  to  bring  about  the  decomposition  of  the  salt  with  mineral 
acid  and  the  formaldehyde  thus  formed  was  measured  after  it  was 
separated  by  distillation. 
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In  the  present  work,  it  was  found  that  there  was  no  polaro- 
graphic  wave  for  neomycin  sulphate  in  the  whole  pH  range.  According  to 
the  literature  (148),  this  antibiotic  can  be  hydrolysed  with  mineral 
acid  to  furfural  and  an  organic  base.  The  furfural  can  be  reduced  like 
any  other  aldehyde.  With  37%  HC1  the  most  suitable  conditions  for 
hydrolysis  of  neomycin  sulphate  were  found  to  be  as  follows: 

(i)  volume  of  377>  HC1  =  10  ml.  for  concentrations  up  to 
2.50  mg.  of  the  antibiotic 

(ii)  time  of  hydrolysis  -  15  minutes 

(iii)  temperature  of  hydrolysis  =  95  ±  2°C. 

The  hydrolysed  mixture  gave  two  waves  throughout  the  pH 
range.  The  second  wave  was  flat  throughout  and  not  fully  developed 
at  certain  values  of  pH.  In  phosphate  buffer,  pH  7.20  was  found  to  be 
most  suitable  for  measurement  of  the  first  wave. 

The  first  wave  was  recorded  at  -0.99  v.  and  the  second  wave 
if  it  were  fully  developed  would  have  been  at  approximately  -1.48  v. 

The  results  are  shown  in  Table  LXIII  and  Figure  20.  The  results  of  the 
microbiological  comparison  are  shown  in  Table  LXIV  and  Figure  21. 


V.  Erythromycins 
(i)  Erythromycin 

Erythromycin,  a  fine  white  crystalline  compound,  could  be 
analysed  polarographically .  The  material  was  not  completely  soluble 
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Table  LXXII 

Data  on  the  Diffusion  Currents  of  the  First  Wave  of  Neomycin  Sulphate  in 
Phosphate  Buffer  at  pH  7.20  +  0.05 •  _  1.65  mg,  ^/3  gec>  -  l/2 


Concentration 
mg/10  ml. 

Diffusion  Current 

100  units  =  3y^a‘ 

Average  +  S.D.M. 

0.25 

1.67 

1.67 

1.83 

1.67 

1.67 

1.7  +  0.1 

0.5O 

2.67 

2.83 

2.83 

2.67 

2.83 

2.7  +  0.1 

0.75 

4.12 

4.00 

4.00 

3.87 

4.00 

4.0  +  0.1 

1.00 

5.25 

5.50 

5.25 

5.00 

5.25 

5.2  +  0.2 

1.25 

6.50 

6.75 

6.00 

6.50 

6.50 

6.5  +  0.2 

1.50 

7.75 

7.25 

7.50 

7.50 

7.50 

7.5  +  0.2 

1.75 

8.75 

9.00 

8.50 

8.50 

8.75 

8.7  +  0.2 

2.00 

10.00 

10.25 

9.75 

9.50 

9.75 

9.8  +  0.3 
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Figure  20.  The  graph  of  Neomycin  Sulphate  standard. 
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Table  LXIV 


Comparison  of  the  Microbiological  and  Polarographic  Measurement 

of  Neomycin  Sulphate 


Time  of 
Hydrolysis 
minutes . 

Average  Diffusion 
Current 

100  Units  =  3jqa. 

Average  Diameter 
of  zone  of 
inhibition 

mm. 

Correlation 

Coefficient 

r 

1.0 

0.7 

18 

2.5 

1-5 

l6 

5-0 

2.8 

13 

1.47  * 

7-5 

3-2 

4 

10 

3.6 

0.5 

15 

3-8 

0 

20 

3-8 

0 

95$  =  o.8ll 

99$  =  0.917 

*  Not  significant. 
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Diffusion  Current  (  IQO  units  =  3^a 
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Time  of  Hydrolysis  (minutes) 

Figure  21.  The  comparison  of  microbiological  and  polarographic 

measurement  of  Neomycin  Sulphate  during  degradation  by  hydrolysis.  » 
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in  water  and  a  few  drops  of  3  M  HC1  was  added  to  give  complete  solution 
of  the  antibiotic. 

Erythromycin  gave  one  or  two  reduction  waves  from  the  acid 
pH  up  to  pH  10  after  which  the  waves  became  very  small  and  at  extremely 
alkaline  pH  the  waves  completely  disappeared.  Starting  from  the 
concentration  of  0.125  mg  erythromycin/ 10  ml,  a  maximum  began  to  appear, 
and  increased  rapidly  with  concentration  and  increasing  concentration 
of  gelatin  had  to  be  added  to  suppress  the  maximum. 

Borate  or  phosphate  buffer  was  found  unsuitable  for  use  in 
the  polarographic  analysis  of  this  antibiotic.  Potassium  chloride 
was  used  as  the  supporting  electrolyte  and  pH  6.50  was  found  most 
suitable  for  measurement  of  diffusion  current  from  the  first  wave. 

The  second  wave  which  was  present  at  some  values  of  pH  was  not  well 
developed.  The  E  l/2  value  for  the  first  wave  was  -1.60  ±  0.01  v. 

The  results  are  shown  in  Table  LXV  and  Figure  22.  The  results  of  the 
microbiological  comparison  are  shown  in  Table  LXVI  and  Figure  23. 

(ii)  Erythromycin  Ethyl  Succinate 

Erthromycin  ethyl  succinate  behaved  in  a  similar  manner 
to  erythromycin,  but  the  wave  was  obtained  at  a  slightly  less  negative 
potential.  It  gave  a  single  wave  in  the  pH  range  from  low  pH  to 
pH  10.50  beyond  which  the  wave  was  very  small  and  then  at  11.50  it 
completely  disappeared. 
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Table  LXV 


Data  on  the  Diffusion  Currents  of  the  First  Wave  of  Erythromycin  at  pH 
6.50  +  0.05.  m  =  1.62  mg.  Sec.  “ 


Concentration 
mg./lO  ml. 

Diffusion  Current 

100  units  =  3J7&. 

Average  +  S.D.M. 

0.125 

1.33 

1.50 

1.33 

1.33 

1.33 

1.4  +  0.0 

0.250 

2.83 

2.67 

2.83 

2.67 

2.67 

2.7  +  0.1 

0.375 

4.00 

4.00 

4.00 

4.00 

3.87 

4.0  +  0.1 

0.500 

5.25 

5.00 

5.00 

5.00 

5.00 

5.0  +  0.1 

0.75 

7.75 

8.00 

7.75 

7-75 

7.75 

7.8  +  0.1 

1.00 

10.50 

10.50 

10.25 

10.50 

10.75 

10.5  +  0.2 

1.25 

12.75 

13.00 

13.00 

13.25 

13.00 

13.0  +  0.3 

1.50 

15.50 

16.00 

15.25 

15.75 

15.75 

15.6  +  0.3 
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Figure  22.  The  graph  of  Erythromycin  standard. 
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Table  LXVI 


Comparison  of  the  Microbiological  and  Polarographic  Measurement 

of  Erythromycin. 


Temperature  of 
Heating 

0°  c 

Average  Diffusion 
Current 

100  Units  =  35^la* 

Average  Diameter 
of  zone  of 
inhibition 

mm. 

Correlation 

coefficient 

r 

100 

21.0 

16 

110 

21.2 

16 

120 

18.0 

12 

O.99* 

125 

12.5 

8 

130 

8.0 

5 

ibo 

0 

0 

95$  =  0.95 

99$  =  0.99 

*  Significant  at  99 jo  level. 
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Figure  23.  The  comparison  of  microbiological  and  polarographic 
measurement  of  Erythromycin  during  degradation. 
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The  workable  pH  range  was  from  5.00  -  8.00;  below  pH  5  the 
wave  was  too  big  and  above  pH  8  it  was  small.  The  most  suitable  pH 
was  found  to  be  6.50  and  since  the  wave  was  obtained  at  a  less  negative 
potential  phosphate  buffer  could  be  used.  The  wave,  however,  had  a 
pronounced  maximum  which  was  removed  at  first  quite  readily  and  then 
more  slowly  with  gelatin  or  methylene  blue.  With  too  much  suppressor 
the  peak  was  lost.  Therefore,  the  amount  of  gelatin  had  to  be 
adjusted  according  to  the  concentration  of  the  antibiotic  so  that  it 
was  just  sufficient  to  remove  the  maximum  and  not  the  peak.  The 
El/2  value  of  the  wave  was  -1.48  ±  0.01  v.  This  wave  was  found  to 
be  not  due  to  the  ethyl  succinate  part  of  the  molecule  as  shown  by 
running  a  polarogram  of  this  compound .  It  could  not  be  ascertained 
why  this  antibiotic  gave  the  wave  at  less  negative  potential  than 
erythromycin.  The  results  are  shown  in  Table  LXVII  and  Figure  24. 

(ii)a.  Pharmaceutical  Preparations 

1.  Erythrocin  Chewable  Tablet  (Abbott  Laboratories  Ltd.) 

Each  green  tablet  is  stated  to  contain  erythromycin  ethyl 
succinate  equivalent  to  200  mg.  erythromycin. 

Five  tablets  were  powdered  finely  in  a  mortar.  The  powder 
was  not  completely  soluble  in  water  but  the  solubility  was  somewhat 
improved  with  3  M  HC1  or  alcohol.  A  combination  of  a  few  drops  of 
3  M  HC1  and  10%  alcohol  was  used  for  best  results  leaving  only  some 
white  pulpy  material  undissolved.  The  standard  solution  was  prepared 
in  the  same  manner.  The  analysis  was  carried  out  in  phosphate  buffer 
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Table  LXVII 


Data  on  the  Diffusion  Currents  of  the  Single  Wave  of  Erythromycin  Ethyl 
Succinate  in  Phosphate  Buffer  at  pH  6. 50  +  0.05 . 


m 


2/3  t  1/6  =  1.63  rng.  2/3  Sec.  ‘  ^ 


Concentration 
mg/10  ml. 


Diffusion  Current 
100  units  =  3Ha* 


Average  +  S.D.M. 


0.025 


4.50 

4.50 

4.50 

4.67 

4.50 


4.5  +  0.1 


0.050 


7.75 

7.75 

8.00 

7.75 

7.50 


7.8  +  0.2 


0.125 


16.75 
16.00 
16.50 

15.75 
16.25 


16.2  +  0.4 


0.250 


33.00 

31.50 

32.75 

33.25 

31.75 


32.4  +  0.8 


0.375 


46.25 

47.50 

47.92 

47.92 

45.42 


47.0  +  1.1 


0.500 


65.OO 

61.67 

62.50 

62.50 

60.83 


62.5  +  1.6 


I 


Diffusion  Current  (  10q  units  =  3JJa. 
22.5  30  37.5  45  52.5 
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Figure  24.  The  graph  of  Erythromycin  Ethyl  Succinate  standard. 
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at  pH  6.50  and  an  equal  amount  of  gelatin  was  added  to  both  the  standard 
and  the  test  solution.  As  the  concentration  was  changed  so  was  the 
amount  of  gelatin.  The  results  are  shown  in  Tables  LXVIII  and  LXIX. 

2.  Erythrocin  Granules  (Abbott  Laboratories  Ltd.) 

Each  vial  containing  rose  pink  buffered  granules  is  stated 
to  contain  erythromycin  ethyl  succinate  equivalent  to  2.40  gm.  of 
erythromycin. 

The  granules  were  finely  powdered  in  a  mortar.  A  mixture 
of  a  few  drops  of  3  M  HC1  and  107,  alcohol  was  used  to  obtain  the  best 
possible  solution  of  the  granules.  A  variety  of  solvents  was  tried 
and  none  resulted  in  a  complete  solution.  The  analysis  was  carried 
out  in  the  identical  way  of  that  used  for  Erythrocin  Chewable 
Tablet.  The  results  are  shown  in  Tables  LXX  and  LXXI. 

3.  Erythrocin  I.  M.  Solution  (Abbott  Laboratories  Ltd.) 

Each  ml.  of  the  two  ml.  ampoules  is  stated  to  contain 
Erythromycin  ethyl  succinate  equivalent  to  50  mg.  erythromycin 
Benzyl  alcohol  N.F.  0.97, 

Butesin  (Butyl  amino  benzoate,  N.F.)  2.07, 

Polyethylene  glycol  USP  to  make  1  ml. 

The  reduction  wave  of  the  preparation  was  obtained  at  a  more 
negative  potential  than  that  of  the  pure  erythromycin  ethyl  succinate, 
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Each  result  is  an  average  of  five  determinations  +  Standard  Deviation  of  the  Mean. 
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although  waves  in  the  two  cases  were  similar  in  shape.  This  shift  was 
found  to  be  due  to  the  presence  of  polyethylene  glycol  and  occurred 
gradually  with  increased  concentration  of  the  solvent  until  a  con¬ 
centration  was  obtained  beyond  which  there  was  no  further  change  in 
the  E  l/2  and  diffusion  current.  Polyethylene  glycol  also  acted  as 
a  partial  suppressor  for  the  maximum  present  in  the  wave  of  the  anti¬ 
biotic. 


Benzyl  alcohol  in  concentration  much  higher  than  the  pro¬ 
portion  in  which  it  is  present  in  the  preparation,  produced  a 
very  small  wave  from  -1.34  to  -1.44  v,  but  the  proportion  in  which 
it  appears  in  the  drug  had  no  effect.  The  other  component  was  not 
readily  available  and  so  its  effect  could  not  be  ascertained.  But 
since  the  wave  of  the  preparation  was  found  to  be  identical  with 
that  of  the  standard  containing  the  same  proportion  of  polyethylene 
glycol,  it  should  not  have  any  effect. 

When  polyethylene  glycol  was  added  during  preparation  of 
the  standard  in  the  same  proportion  as  is  present  in  the  pharmaceutical 
preparation,  analysis  of  this  drug  was  feasible  in  the  usual  buffer 
and  at  the  same  pH  and  gelatin  in  appropriate  amounts  to  suppress  the 
maximum.  The  results  are  shown  in  Tables  LXXII  and  LXXIII. 
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Results  on  the  Polarographic  Determination  of  the  Concentration  of  Erythromycin  in 

Erythrocin  I.M.  Solution  (Abbott  -  100  mg./2  ml- ampoule) 
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VI.  Penicillins 

(i)  Procaine  Penicillin  G 

The  polarographic  determination  of  penicillin  has  been  in¬ 
vestigated  (149).  Procaine  penicillin  can  be  analysed  for  both  the 
components.  The  hydrolysis  of  penicillin  yields  penillo-aldehyde  and 
penicillamine  (150)  both  of  which  most  likely  undergo  nitrosation.  Under 
these  conditions  procaine  is  not  nitrosated.  On  the  other  hand,  if 
hydrolysis  is  not  carried  out,  nitrosation  occurs  with  procaine  only. 

In  both  cases  the  nitrosated  compounds  are  reducible  polarographically . 

In  the  determination  of  the  penicillin  part,  some  variations 
of  the  conditions  previously  used  (149)  were  attempted  to  improve  the 
shape  of  the  waves.  The  optimum  conditions  were  found  to  be  as  follows: 

(i)  volume  of  37 HC1  for  hydrolysis  =  0.75  ml  for  up  to 

5.00  mg.  of  the  anti¬ 
biotic 


(ii) 

temperature  of  hydrolysis 

=  65  ±  2°C 

(iii) 

time 

of  hydrolysis 

=  15  minutes 

(iv) 

vol . 

of  1  H  potassium  nitrite 

=  3  ml . 

for  nitrosation 

Polarography  was  carried  out  throughout  the  pH  range  and 
a  pH  of  11.35  was  found  most  suitable.  The  previous  workers  had 
used  a  pH  of  7.0  (149).  There  were  two  waves  both  of  which  could  be 
measured  quantitatively  but  the  first  wave  was  better  for  this  purpose. 
The  half-wave  potentials  were  -0.65  and  -0.98  v.  respectively  for  the 
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first  and  second  wave.  At  concentrations  as  high  as  10.00  mg/lO  ml 
another  small  wave  appeared  at  -1.31  v.  The  results  are  shown  in 
Table  LXXIV  and  Figure  25. 

Procaine  penicillin  G  could  be  measured  directly  by  deter¬ 
mining  the  single  wave  at  pH  8.00  which  was  found  to  be  due  to  the 
procaine  moiety  present  in  this  antibiotic.  The  antibiotic  gave  one 
or  two  reduction  waves  throughout  the  pH  range  and  a  definite  single 
wave  at  pH  8.00.  With  potassium  chloride  as  the  base  electrolyte, 
this  wave  was  quite  small,  but  if  borate  buffer  was  used  the  wave  became 
appreciably  larger.  The  wave  appeared  at  the  same  potential  as  that 
of  pure  procaine.  The  El/2  was  -1.70  ±  0.01  v.  At  concentrations 
below  0.20  mg  of  procaine  penicillin  G/l0  ml,  the  peak  was  difficult 
to  measure  and  a  maximum  appeared  at  concentrations  higher  than  2.50  mg 
of  the  antibiotic/10  ml.  The  results  are  shown  in  Table  LXXV  and 
Figure  26. 

(ii)  Potassium  Penicillin  G 

Following  the  same  nitrosation  procedure  as  for  procaine 
penicillin  G,  potassium  penicillin  G  could  be  measured  by  polarography . 
Potassium  penicillin  G  gave  two  good  waves  from  pH  5.50  up  to  the 
extreme  alkaline  pH.  The  most  suitable  pH  was  found  to  be  10.50. 

The  half-wave  potentials  for  the  two  waves  were  -.98  ±  0.01  v.  and 
-1.31  ±  0.02  v.  The  results  are  shown  in  Table  LXXVI  and  Figure  27. 
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Table  LXXIV 

Date  on  the  Diffusion  Currents  of  the  Two  Waves  of  Procaine  Penicillin  G 
at  pH  11.35  1  0.05.  m  2/3  t  V6  =  1.6l  mg.  2/3  Sec.  *  X/2  . 


Concentration 
mg/lO  ml. 

First  Wave 

Second  Wave 

Diffusion 

Current 

100  units  = 

Average  +  S.D.M. 

Diffusion 

Current 

100  units  =  3/Ja. 

Average  +  S.D.M. 

4.25 

10-25 

4.00 

10.50 

0.25 

4.00 

4.0  +  0.1 

10.00 

10.2  +  0.2 

4.00 

10.25 

4.00 

10.25 

7.75 

19.00 

7.75 

19.50 

0.50 

7.50 

7.8  +  0.2 

18.50 

19.0  +  0.4 

7.75 

19.25 

8.00 

19.00 

11.25 

27.75 

11.50 

27.00 

0.75 

11.75 

11.6  +  0.3 

28.00 

27.4  +  0.6 

11.50 

26.75 

12.00 

27.50 

15.00 

36.75 

14.50 

38.00 

1.00 

15.25 

15.1  +  0.4 

36.25 

37.2  +  0.7 

15.50 

37.75 

15.25 

37.25 

22.75 

- 

53.33 

22.00 

54.58 

1.25 

23.00 

22.4  +  0.4 

52.92 

53.8  +  0.9 

22.50 

53-33 

22.00 

55.00 

30.00 

70.25 

29.50 

71.00 

2.00 

29.50 

29.4  +  0.6 

71.75 

71.7  +  1.1 

28.75 

73.00 

29.00 

72.50 

'/  V 

T  ' 

S  >  *  ■■  ■<  a  .  •  ?E  ■  ■» 


Diffusion  Current  (  100  ^its 
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Concentration  (mg/lO  ml) 

0 - 0  First  wave 

0 - K  Second  wave 


Figure  25.  The  graphs  of  Procaine  Penicillin  G  standard  (due  to  Penicillin 
moiety) . 
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Table  L XXV 

Data  on  the  Diffusion  Currents  of  the  Single  Wave  of  Procaine  Penicillin  G  in 
Borate  Buffer  at  pH  8.00  +  0.05.  m  2/ 3  t  =  1.62  mg.  2/3  Sec.  “  -1*/2  ■ 


Concentration 

Diffusion  Current 

Average  +  S.D.M. 

mg/lO  ml. 

100  units  =  3-lfe* 

20.75 

20.25 

0.250 

20.50 

20.2  +  0.4 

19*75 

20.00 

27.50 

26.75 

0.375 

28.25 

27.4  +  0.5 

27.50 

27.25 

35-75 

37.25 

36.3  +  0.8 

0.500 

35.25 

37-00 

36.25 

43.50 

45.25 

0.625 

44.00 

44.0  +  0.8 

43.00 

44.00 

51.67 

52.08 

0.750 

53.75 

52.92 

50.83 

52.2  +  1.1 

69.58 

67.50 

67.6  +  1.4 

1.000 

66.67 

68.30 

65.83 

•  t,'._  n  ••  ■  . 

.  .  ■;  r  ,  ,>  '  r  <X  . 

C '  ~ 

YV'S 

c!S.0S 
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Y  .fcC 

.'1.02 

?£  H 

:  • 

Diffusion  Current  (  iqq  units  =  3/(a 


174 


Concentration  (mg/lO  ml) 


Figure  26.  The  graph  of  Procaine  Penicillin  G  standard  (due  to  Procain  part). 
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Table  LXXVI 


Data  on  the  Diffusion  Currents  of  the  First  Wave  of  Potassium  Penicillin  G 
at  pH  10.50  +  0.05 •  m^^  t  =  I.69  mg.  Sec.  " 


Concentration 
mg/lO  ml. 

Diffusion  Current 

100  units  =  3  Ha- 

Average  +  S.D.M. 

0.25 

3.50 

3.38 

3.50 

3.50 

3.50 

3.5  +  0.0 

0.50 

5.75 

6.00 

5.75 

5.75 

5-75 

5.8  +  0.1 

0.75 

7-75 

8.00 

8.00 

8.25 

8.00 

8.0  +  0.2 

1.00 

10.25 

10.75 

11.00 

10.75 

10.75 

10.7  +  0.2 

1.50 

15.50 

16.00 

15.25 

15.00 

15.50 

15.5  +  0.4 

2.00 

19.75 

20.50 

19.50 

19.75 

19.50 

19.8  +  0.4 

.  ;J  ,  v  W  0  “oii  '  v  '!*■  v" 


— 


H  •  ■: 

Diffusion  Current  (  iQO  units 
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Concentration  (mg/lO  ml) 


Figure  27.  The  graph  of  Potassium  Penicillin  G  standard. 
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VII.  Oleandomycins 

(i)  Oleandomycin  Phosphate 

Polarography  has  not  yet  been  applied  to  the  measurement  of 
this  antibiotic. 

Oleandomycin  phosphate,  a  white  water  soluble  bulky  powder, 
gave  a  good  reduction  wave  in  the  pH  range  of  5  -  10.  The  wave  was 
sharper  and  the  peak  occurred  at  less  negative  potential  as  the  pH 
was  increased  in  the  case  of  this  antibiotic.  After  pH  10.75  the  wave 
disappeared.  To  obtain  a  sharp  as  well  as  a  suitably  large  wave  a 
pH  of  7.75  was  used.  Either  phosphate  or  borate  buffer  could  be  used. 
Since  the  wave  was  obtained  at  slightly  less  negative  potential  in 
phosphate  buffer  than  borate  buffer,  the  former  was  preferred.  There 
was  a  maximum  in  the  wave  and  0.20  ml  gelatin  (0.17.)  was  used  for 
the  10  ml  sample  of  the  test  solution  as  the  suppressor.  The  El/2 
value  of  the  wave  was  -1.75  ±  0.02  v.  The  results  are  shown  in 
Table  LXXVII  and  Figure  28.  The  results  of  the  microbiological 
comparison  are  shown  in  Table  LXXVIII  and  Figure  29. 

(ii)  Triacetyl  Oleandomycin 

Triacetyl  oleandomycin,  a  white  powder,  was  insoluble  in 
water  and  at  alkaline  pH,  but  it  dissolved  completely  in  the  acid 
pH  obtained  with  a  few  drops  of  3M  HC1.  The  solution  first  prepared 
in  acidic  pH  could  be  brought  up  to  pH  8.00  but  beyond  this  pre¬ 
cipitation  occurred.  The  antibiotic  gave  a  single  wave  throughout  the 
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Table  LXXVII 


Data  on  the  Diffusion  Current  of  the  Single  Wave  of  Oleandomycin  Phosphate  in 
Phosphate  Buffer  at  pH  7*80  +  0.05-  m  t  =  1.6l  mg.  Sec.  "  . 


Concentration 
mg/lO  ml. 


0.125 


0.250 


0.500 


0.750 


1.000 


1.500 


2.000 


2.500 


Diffusion  Current 


Average  +  S.D.M. 


100  units  =  3J7a- 


1.67 

1.67 
I.78 
1.67 
I.78 


3.25 
3. IT 
3.17 
3.00 
3.17 


6.25 


1.7  +  0.1 


3.2  +  0.1 


6.00 


6.50 

6.25 

6.25 


8.75 

8.75 

9.25 

9.00 

9.25 


12.50 

12.00 

12.25 

12.50 

11.75 


17.75 

18.00 

17.25 
17.75 

18.25 


23.75 

24.00 

22.75 
23.25 
23.50 


29.50 

29.75 
28.25 
29.00 

28.75 


6.2  +  0.2 


9.0  +  0.2 


12.2  +  0.3 


17.8  +  0.4 


23.4  +  0.5 


i 


29.O  +  0.6 


j  '  :  ’<  i'  T 

.  i  t.  00  j 

^1.0 

00.  t 

j 

O'  ,b 
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Diffusion  Current  (  100  units  = 
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Figure  28.  The  graph  of  Oleandomycin  Phosphate  standard. 
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Table  LXXVIII 


Comparison  of  the  Microbiological  and  Polarographic  Measurement 

of  Oleandomycin  Phosphate. 


Temperature  of 
Heating 

0°  C 

Average  Diffusion 
current 

100  Units  =  3  jda. 

Average  Diameter 
of  zone  of 
inhibition 

mm. 

Correlation 

Coefficient 

r 

100 

23.2 

16 

• 

110 

22.0 

14 

120 

18.0 

12 

0.99* 

130 

14.5 

10 

135 

8.0 

6 

140 

0 

0 

9554  =  0.878 

99$  =  0.959 

*  Significant  at  99 1°  level. 
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Diffusion  Current  and  Diameter  (mm)  of  Zone  of  Inhibition 
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Figure  29.  The  comparison  of  microbiological  and  polarographic 
measurement  of  Oleandomycin  Phosphate  during  degradation. 
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pH  range  up  to  7.00  with  a  sharp  decrease  occurring  before  the  peak 
was  fully  developed.  Gelatin  was  used  to  stop  this  sharp  decrease. 
The  amount  of  gelatin  was  chosen  in  such  a  way  that  it  was  sufficient 
just  to  remove  the  maximum  and  not  the  peak.  The  pH  6.15  was  found 
most  suitable  for  quantitative  measurement  of  the  diffusion  current. 
Acetate  buffer  could  not  be  used  since  it  gave  a  wave  in  the  region 
of  the  wave  of  triacetyl  oleandomycin.  Phosphate  buffer  was  most 
suited  for  polarographic  analysis  of  the  antibiotic.  The  E  1/2  value 
for  the  wave  was  -  1.61  ±  0.01  v.  The  results  are  shown  in  Table 
LXXIX  and  Figure  30.  The  results  of  the  microbiological  comparison 
are  shown  in  Table  LXXX  and  Figure  31. 

(ii)a.  Pharmaceutical  Preparations 
1.  Olicin  (Roerig,  Canada) 

Each  white  capsule  is  stated  to  contain  triacetyl  oleando¬ 
mycin  equivalent  to  250  mg.  oleandomycin. 

The  powder  of  the  capsule  was  easily  dissolved  in  water 
with  the  aid  of  a  few  drops  of  3  M  HC1,  and  analysis  was  carried  out 
by  comparison  with  the  standard  solution  since  the  pharmaceutical 
preparation  gave  an  identical  wave  to  that  of  the  standard  under  the 
specified  conditions.  The  results  are  shown  in  Tables  LXXXI  and 
LXXXII. 

VIII .  Bacitracin 

No  report  on  the  polarographic  determination  of  bacitracin 
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Table  LXXIX 


Data  on  the  Diffusion  Currents  of  the  Single  Wave  of  Triacetyl  Oleandomycin 


in  Phosphate  Buffer  at  pH  6.20  +  0.05*  m  t  =  1.62  mg.  Sec.  -1/2  . 


Concentration 

Diffusion  Current 

Average  +  S.D.M. 

mg-/ 10  ml. 

100  units  =  3  Ha . 

4.50 

4.75 

0.025 

4.50 

4.6  +  0.1 

4.50 

4.50 

10.25 

10.50 

0.050 

10.50 

10.75 

10.50 

10.5  +  0.2 

21.25 

21.75 

0.100 

21.00 

21.2  +  0.4 

21.50 

20.75 

31-00 

32.50 

31.6  +  0.6 

0.150 

31.75 

31.50 

31.25 

42.25 

43.25 

0.200 

44.00 

43.2  +  0.6 

42.75 

43.50 

65.42 

66.67 

0.300 

64.17 

65.2  +  1.0 

65.00 

64.58 

84.17 

86 . 67 

0.400 

82.92 

84.8  +  1.4 

85.42 

84.58 

105.00 

101 . 67 

0.500 

106.67 

105.83 

105.00 

104.8  +  1.9 
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Concentration  (mg/lO  ml) 
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Figure  30.  The  graph  of  Triacetyl  Oleandomycin  standard. 
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Table  LXXX 


Comparison  of  the  Microbiological  and  Polarographic  Measurement 

of  Triacetyl  Oleandomycin 


Temperature  of 
Heating 

0°  C 

Average  Diffusion 
current 

100  Units  =  3JUa. 

Average  Diameter 
of  zone  of 

inhibition 

mm. 

Correlation 

Coefficient 

r 

100 

55 

10 

110 

55 

10 

120 

55 

10 

0.878* 

130 

54 

9 

140 

50 

9 

150 

45 

8 

95 i  =  0.878 

99f>  =  0.959 

*  Significant  at  95$  level. 
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Figure  31.  The  comparison  of  microbiological  and  polarographic 
measurement  of  Triacetyl  Oleandomycin  during  degradation. 
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could  be  found  in  the  literature.  A  brownish-white  powder,  bacitracin 
was  found  to  be  soluble  in  water  to  give  a  viscous  solution  which 
produced  a  considerable  amount  of  foaming  during  deaeration.  It  gave 
two  waves  in  the  pH  range  of  3.00  to  11.00.  The  waves  below  pH  4.50 
were  not  well  separated.  Cobalt  chloride,  if  used  as  the  supporting 
electrolyte,  gave  distinctly  separated  waves,  but  they  were  small;  and 
at  alkaline  pH  the  reagent  precipitated  out.  Phosphate  buffer  at 
a  pH  of  9.80  was  found  most  suitable  and  0.20  ml  of  gelatin  ( 0 . 1%) 
per  10  ml  of  the  solution  was  used  for  better  results.  The  half¬ 
wave  potentials  were  -1.22  and  -1.54  v.  for  the  two  waves  under  these 
conditions.  The  second  wave  was  better  for  quantitative  measurements 
than  the  first  wave.  The  results  are  shown  in  Table  LXXXIII  and 
Figure  32. 

IX.  Polymyxin  B  sulphate 

There  has  not  been  any  reported  work  on  a  polarographic  method 
for  the  determination  of  polymyxin  B  sulphate.  This  antibiotic  was 
not  completely  soluble  in  water  and  the  addition  of  a  few  drops  of  3  M 
HC1  was  necessary  to  bring  about  complete  solution.  With  potassium 
chloride  as  the  base  electrolyte,  polymycin  B  sulphate  gave  two 
reduction  waves  from  pH  3.00  to  5.00  after  which  it  gave  a  single  wave 
up  to  pH  8.00.  The  shape  of  the  wave  was  not  very  good.  From  pH  8.50 
upward  there  were  again  two  waves,  the  second  wave  losing  its  peak  at 
pH  10.00.  A  pH  of  6.40,  using  potassium  chloride  as  the  base  electrolyte, 
was  found  to  be  most  suitable  for  measurement  of  the  single  wave. 

Gelatin  in  the  usual  concentration  was  used  for  better  results.  The 
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Table  LXXXIII 

Data  on  the  Diffusion  Currents  of  Second  Wave  of  Bacitracin  in  Phosphate 
Buffer  at  pH  9.80  +  0.05.  m2/^  t1^  =  I.63  mg.  2/3  Sec.”1/2  . 


Concentration 
mg./lO  ml  . 

Diffusion  Current 

100  units  =  3JUa* 

Average  +  S.D.M 

0.25 

2.50 

2.50 

2.50 

2.62 

2.50 

2.5  +  0.1 

0.50 

4.50 

4.25 

4.50 

4.50 

4.50 

4.4  +  0.1 

0.75 

7.00 

6.50 

6.75 

6.75 

6.75 

6.8  +  0.2 

1.00 

8.75 

9.00 

8.50 

8.75 

8.75 

8.8  +  0.2 

1.50 

12.50 

12.50 

13-00 

12.75 

12.75 

12.7  +  0.2 

2.00 

16.50 

17-00 

17-00 

17.25 

17.00 

17.0  +  0.3 

2.50 

20.50 

20.75 

21.00 

21.50 

21.00 

21.0  +  0.4 

3-00 

25.25 

25.00 

24.50 

25.75 

24.75 

- - 

25.0  +  0.5 

Diffusion  Current  (  100  units  =  3  J*- 
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Figure  32.  The  graph  of  Bacitracin  standard. 
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E  l/2  value  for  the  wave  was  -1.64  ±  0.02  v.  The  results  are  shown  in 

Table  LXXXIV  and  figure  33.  The  result  of  the  microbiological 

comparison  are  shown  in  Table  LXXXV  and  figure  34. 

Polarography  was  attempted  with  no  success  for  novoviocin,  nystatin, 
viocin  sulphate  and  actinomycin  D. 

X.  Polarography  of  Common  Excipients  and  Other  Ingredients  of 

Pharmaceutical  Preparations 

The  following  compounds  showed  no  polarographic  wave  or 
rise  in  the  conditions  and  regions  in  which  various  antibiotics  gave 
their  reduction  waves. 

(i)  Lactose 

(ii)  Sucrose 

(iii)  Glucosamine 

(iv)  N-acetyl  glucosamine 

(v)  Magnesium  stearate  (suspension) 

(vi)  Stearic  acid  (suspension) 

(vii)  Boric  acid 
(viii)  Calcium  sulphate 

(ix)  Starch 

(x)  Methyl  paraben 

(xi)  Propyl  paraben 

(xii)  Citric  acid 
(xiii)  Caffeine 
(xiv)  Sodium  citrate 

In  the  following  cases  there  were  some  rise  or  a  small  wave 
in  the  regions  of  antibiotic  waves.  The  proportion  in  which  they  were 
present  in  the  final  solution  of  the  pharmaceutical  preparations  for 
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Table  LXXXIV 

Data  on  the  Diffusion  Currents  of  the  Single  Wave  of  Polymyxin  B  Sulphate 
at  pH  6.40  +  0.05.  m  2/3  t  1/6  =  1.62  mg.  2/3  Sec.  "  l/2  . 


Concentration 

Diffusion  Current 

Average  +  S.D.M. 

mg./lO  ml. 

100  units  =  3  jHa. 

I.83 

1.75 

0.125 

1.75 

1.8  +  0.1 

I.67 

1.75 

2.83 

2.83 

0.250 

3-00 

2.9  +  0.1 

2.83 

2.83 

5.83 

5.50 

0.500 

5.67 

5.6  +  0.1 

5.67 

5.50 

8.00 

8.25 

0.750 

8.50 

8.2  +  0.2 

8.25 

8.25 

10.25 

10.75 

1.000 

10.50 

10.4  +  0.2 

10.50 

10.25 

15.50 

16.00 

1.500 

15.75 

15.8  +  0.3 

16.25 

15.50 

20.75 

21.25 

2.000 

20.50 

20.25 

20.75 

20.7  +  0.4 

26.00 

26.00 

2.500 

25.75 

26.75 

27.00 

26.3  +  0.5 

-■ 


■ 


. 


. 


Diffusion  Current  (  iQO  units  =  3JJp. 
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Figure  33.  The  graph  of  Polymyxin  B  Sulphate  standard. 
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Table  LXXXV 


Comparison  of  the  Microbiological  and  Polarographic  Measurement 

of  Polymyxin  B  Sulphate. 


Temperature  of 
Heating 

OO  c 

Average  Diffusion 
current 

100  Units  =  3jqa. 

Average  Diameter 
of  zone  of 
inhibition 

mm. 

Correlation 

Coefficient 

r 

100 

21.8 

15 

110 

21.6 

15 

120 

19.2 

14 

0.95* 

125 

16.2 

14 

130 

l4.0 

13 

140 

8.5 

10 

95$  =  0.811 

99$  =  0.917 

150 

3.0 

4 

*  Significant  at  99 1°  level. 
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Figure  34.  The  comparison  of  microbiological  and  polarographic 
measurement  of  Polymyxin  B  Sulphate  during  degradation. 
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polarographic  analysis  resulted  in  very  insignificant  and  negligible 
effects . 

(i)  Phenacetin 

(ii)  Xylocaine 

(iii)  Sulfamethizole 

(iv)  Benzocaine 

(v)  Benzyl  alcohol 

Ascorbic  acid  gave  a  pronounced  wave.  But  in  many  cases 
the  proportion  in  which  it  was  present,  it  had  very  little  effect 
and  even  if  the  wave  was  obtained  it  occurred  at  a  much  less  negative 
potential  than  those  of  the  antibiotics. 

The  solvents  such  as  propyl  alcohol,  propylene  glycol, 
alcohol*  etc.  which  were  commonly  used  for  some  suspensions  and  injectable 
solutions  did  not  give  any  wave.  In  some  cases  where  a  small  increase 
occurred,  the  effect  was  very  small  since  the  solvent  was  present  as 
only  about  0.0l7o  in  the  final  solution  used  for  analysis,  and  in  every 
case  could  be  corrected  through  determination  of  residual  current. 
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The  polarographic  method  has  been  applied  to  the  determination 
of  antibiotics.  It  has  been  found  satisfactory  for  the  determination  of 
tetracycline  HC1,  tetracycline  amphoteric,  Cl-tetracycline  HC1 ,  demethyl 
chlorotetracycline  HC1,  terramycin  HC1,  terramycin  amphoteric,  Ca-diterra- 
mycin,  streptomycin  sulphate,  streptohydrazid,  chloramphenicol,  neomycin 
sulphate,  procaine  penicillin  G,  potassium  penicillin  G,  erythromycin, 
erythromycin  ethyl  succinate,  oleandomycin  phosphate,  triacetyl 
oleandomycin,  bacitracin  and  polymyxin  B  sulphate.  It  was  found  unsuitable 
or  impractical  for  dihydrostreptomycin  sulphate,  novobiocin,  nystatin, 
viocin  sulphate  and  actinomycin  D  in  the  tests  carried  out  under  the 
conditions  used. 

In  most  cases,  the  degree  of  accuracy  was  found  to  be  between 
1.25  to  2.75%.  The  sensitivity  was  found  to  be  as  low  as  5//ml  in  most 
of  the  antibiotics  and  as  low  as  2.57/ml  in  the  case  of  chloramphenicol, 
erythromycin  ethyl  succinate  and  triacetyl  oleandomycin.  These  degrees 
of  sensitivity  are  very  favourable  when  compared  with  most  chemical  methods 

I .  Tetracyclines: 

Tetracycline  HC1  could  be  analysed  with  a  good  degree  of  accuracy 
In  the  case  of  pharmaceutical  preparations  only  the  presence  of  metallic 
ions  such  as  magnesium  chloride  as  in  Tetrex  I.M.  (page  66  )  posed  any 
problem.  It  was  found  possible  to  counteract  this  problem  by  the  addition 
of  EDTA.  The  minor  effects  of  various  other  components,  if  any,  could 
be  eliminated  by  running  a  blank  of  the  components.  The  recovery  of  the 
pure  antibiotics  from  the  respective  pharmaceutical  preparations  was  found 
to  be  very  good  (99.00  to  100.50%). 
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Cl-tetracycline  and  DMCT  were  measurable  with  similar  ease  and 
to  the  same  degree  of  accuracy.  There  was  no  problem  in  those  pharmaceutical 
preparations  of  these  antibiotics  which  were  analysed.  Although  solubility 
of  the  active  component  was  more  difficult  in  Achromycin  capsules  the  addition 
of  a  few  drops  of  3  M  HC1  brought  this  into  complete  solution.  To  ensure 
complete  solution  of  the  antibiotics  in  all  preparations  a  few  drops  of 
3  M  HC1  could  be  added. 

Oxytetracycline  HC1  and  Ca-diterramycin  were  likewise  analysed 
with  a  good  degree  of  accuracy  and  to  the  same  degree  of  sensitivity. 
Ca-diterramycin  was  analysed  as  oxytetracycline  after  solution  in  an  acid 
media  of  pH  3.00  using  HC1 .  The  presence  of  calcium  ion  caused  similar 
interference  to  that  encountered  in  Tetrex  I.M.  and  the  addition  of  EDTA 
was  necessary  to  remove  this  interference. 

There  was  no  problem  encountered  in  the  assay  of  pharmaceutical 
preparations.  Either  there  were  no  waves  due  to  the  other  components 
present  in  the  region  where  oxytetracycline  was  measured  or  in  cases  where 
there  were  waves  the  effect  was  insignificant  since  it  was  present  in 
very  small  proportion  in  the  final  solution  analysed  and  could  be  sub¬ 
tracted  from  the  diffusion  current.  This  interference  was  corrected  by 
the  use  of  a  blank  containing  the  known  components. 

II .  Streptomycins: 

Streptomycin  was  analysed  in  tetraethyl^ammonium  hydroxide  in 


preference  to  sodium  hydroxide  as  it  is  more  stable  in  the  former.  This 
particular  antibiotic  gave  the  best  results  of  all  the  antibiotics  studied. 
No  pharmaceutical  preparation  was  available  for  further  examination  of 
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this  method.  However,  it  is  strongly  felt  that  there  would  be  no  difficulty 
in  employing  this  method  for  the  assay  of  pharmaceutical  preparations. 

Dihydrostreptomycin  showed  a  wave  throughout  the  pH  range  of 
6.00  to  12.00,  but  since  the  wave  was  obtained  at  a  comparatively  more 
negative  potential  the  wave  could  not  be  fully  developed  due  to  the 
interference  of  the  wave  due  to  the  base  electrolyte. 

Streptohydrazid ,  on  the  other  hand,  could  be  analysed  for  the 
hydrazid  moiety  using  the  same  base  electrolyte  as  was  used  for  strepto¬ 
mycin  and  at  the  same  pH.  The  wave  for  streptomycin  was  not  present  at 
the  pH  used  for  analysis, 

III.  Chloramphenicol : 

Chloramphenicol  gave  best  results  in  biphthalate  buffer.  In 
both  phosphate  and  borate  buffer  the  residual  current  increased  slowly 
making  the  measurements  of  the  diffusion  current  difficult. 

Since  the  assay  of  many  of  the  pharmaceutical  preparations  has 
already  been  reported  (147)  analysis  on  only  one  preparation  which  had 
not  been  previously  done  was  attempted.  Chloromycetin  ophthalmic  could 
be  analysed  easily  under  the  similar  experimental  conditions  used  for  pure 
chloramphenicol.  An  attempt  was  made  to  analyse  Chloromycetin  cream, 
without  going  through  the  lengthy  extraction  procedure  reported  by  Summa 
(147) .  The  low  solubility  of  the  ointment  base  in  the  aqueous  media  was 
a  problem.  It  is  felt  that  if  the  assay  conditions  could  be  made  non- 
-aqueous  the  extraction  procedure  could  be  avoided  and  a  satisfactory  assay 


carried  out. 


This  was  not  ascertained. 
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IV.  Neomycin  Sulphate: 

Neomycin  sulphate  was  analysed  polarographically  after  it  was 
hydrolysed  to  furfural  with  mineral  acid  on  a  boiling  water  bath.  Furfural 
was  reduced  readily  in  a  polarographic  cell  and  accurate  measurement  was 
possible  without  separating  this  compound  from  other  hydrolysis  products. 
This  is  a  decisive  advantage  over  the  spectrophotometric  method  of  Morgan 
et  al-  (71)  in  which  chromatographic  separation  of  the  furfural  obtained 
from  neomycin  was  found  necessary  prior  to  its  determination. 

V.  Erythromycins : 

Erythromycin,  for  which  there  have  been  fewer  analysis  methods 
reported,  could  be  analysed  satisfactorily  by  polarography. 

Erythromycin  ethyl  succinate  gave  a  reduction  wave  similar  to 
that  of  erythromycin  under  similar  conditions  but  the  wave  was  obtained  at 
less  negative  potential. 

Under  identical  conditions  there  was  no  difficulty  in  applying 
the  polarographic  method  of  analysis  to  pharmaceutical  preparations  of 
this  antibiotic.  The  presence  of  polyethylene  glycol  as  in  Erythrocin  I.M. 
(page  161)  was  found  to  shift  the  wave  of  the  antibiotic  to  a  more  negative 
potential.  If  the  same  proportion  of  this  solvent  was  added  during  the 
preparation  of  the  standard  solution,  the  waves  were  obtained  at  the  same 
potentials  thus  facilitating  the  measurement  of  erythromycin  ethyl 
succinate  in  Erythrocin  I.M. 
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VI  Penicillins: 

Penicillins  were  analysed  by  an  indirect  method  after  the 
reduction  of  the  nitrosated  hydrolysed  product  (149).  Some  improvements 
were  found  possible  and  are  reported  herein. 

Since  the  method  still  involved  lengthy  steps  of  hydrolysis, 
nitrosation,  standing  etc.  it  does  not  have  any  particular  advantage 
over  the  existing  lengthy  chemical  methods  of  measurements  (83-96). 

However,  procaine  penicillin  G  could  be  measured  by  measuring 
directly  the  procainepart  polarographically .  A  well  defined  reduction 
wave  was  obtained  which  corresponded  to  that  of  pure  procaine  under 
similar  conditions  and  could  be  measured  quantitatively. 

VII.  Oleandomycins : 

Oleandomycin  phosphate  and  triacetyl  oleandomycin  for  which 
there  have  been  few  quantitative  measurement  methods  reported,  could 
both  be  analysed  polarographically.  The  two  antibiotics  could  not  be 
analysed  in  the  same  environment  of  pH  and  buffer  conditions  since  acetyl 
oleandomycin  behaved  differently  than  oleandomycin  phosphate  and  the  best 
waves  in  the  two  cases  were  obtained  at  two  different  pH's.  In  both  cases 
however,  the  quantitative  results  obtained  were  acceptable  with  a  good 
degree  of  accuracy. 

VIII.  Bacitracin: 

A  gravimetric  method  is  the  only  chemical  method  available  for 
the  measurement  of  bacitracin  (101)  other  than  microbiological  methods. 

In  phosphate  buffer  of  pH  9.80  ±  0.05  it  was  found  possible  to  assay  bacit 
racin  polarographically  with  an  acceptable  degree  of  accuracy. 
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IX.  Polymyxin; 

Besides  the  microbiological  method  there  has  been  only  one 
other  method  for  the  measurement  of  polymyxin  antibiotic  reported. 

This  is  a  gravimetric  method  and  can  be  applied  to  macroquantities  (101). 

This  antibiotic  could  be  analysed  satisfactorily  in  the 
semi-micro  range  and  with  a  good  degree  of  accuracy  by  the  polarographic 
method.  A  pH  of  6.40  ±  0.10  and  the  use  of  potassium  chloride  as  the  base 
electrolyte  were  found  to  be  most  suitable. 

X.  Microbiological  Comparison: 

The  correlation  between  diffusion  current,  and  therefore  the 
amount  of  antibiotic  as  determined  by  the  polarographic  method,  and  the 
activity  of  the  antibiotic,  as  determined  by  the  microbiological  method 
on  the  antibiotic  samples  heated  to  different  temperatures,  was  very  good. 

In  some  cases,  however,  the  products  obtained  by  heating 
antibiotics  to  elevated  temperatures  had  some  effect  on  the  polarographic 
waves  of  the  antibiotics.  In  the  case  of  oxytetracycline  amphoteric 
and  Ca-diterramycin  the  residual  current  was  somewhat  larger  than  normal 
due  to  a  wave  appearing  before  the  waves  of  oxytetracycline  in  the  heated 
preparations.  This  did  not  have  any  significant  effect  on  the  waves  of 
the  antibiotics  and  it  was  possible  to  determine  the  diffusion  current 
accurately.  The  same  kind  of  effect  was  observed  in  the  case  of  oxytetra¬ 
cycline  HC1  but  at  higher  temperatures  (above  120°C)  than  the  previous 
two  forms  of  this  antibiotic. 

No  such  wave  prior  to  the  waves  of  tetracycline  was  observed 
even  at  such  temperatures  as  150°C  where  there  was  an  appreciable  amount 
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of  degradation. 

Such  a  comparison  of  the  methods  could  not  be  made  for  chloram¬ 
phenicol  since  this  antibiotic  did  not  show  any  decrease  in  activity  or 
diffusion  current  until  at  150°C  when  it  melted  and  was  converted  into  a 
dark  mass  which  was  not  soluble  in  a  variety  of  solvent  systems.  This 
comparison  was  also  not  possible  for  bacitracin  since  a  sensitive 
organism  was  not  readily  available.  Such  comparison  was  not  attempted 
for  the  antibiotics  of  the  penicillin  group  since  the  polarographic  method 
of  analysis  involved  hydrolysis  of  the  active  molecules,  and  if  hydrolysis 
were  carried  out  at  gradual  intervals,  the  procaine  part  would  have  been 
measured  together  with  the  penicillin  fraction  (page  1(3). 

In  the  case  of  neomycin  there  was  no  breakdown  by  heating  alone 
even  up  to  150°C  and  the  comparison  was  done  by  the  addition  of  hydrochloric 
acid  (2.50  ml  of  377.  acid)  and  heating  on  a  water  bath  at  90°C  for  different 
lengths  of  time.  As  the  time  of  hydrolysis  was  increased  the  diffusion 
current  increased  and  the  activity  decreased  as  expected  until  all  the 
antibiotic  was  hydrolysed  (Figure  21) . 

The  correlation  coefficient  was  not  significant  for  strepto- 
hydrazid  since  the  polarographic  method  measured  the  isoniazid  part 
whereas  the  microbiological  method  measured  the  streptomycin  and  probably 
also  the  isoniazid  part  of  the  product. 
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VI 


SUMMARY  AND  CONCLUSION 
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1.  The  polarographic  method  has  been  successfully  applied  to  the 
determination  of  the  following  antibiotics: 

tetracycline  hydrochloride,  tetracycline  amphoteric,  chlorotetracycl ine 
hydrochloride,  demethyl  chlorotetracycline  hydrochloride,  oxytetra- 
cycline  hydrochloride,  oxytetracycline  amphoteric,  calcium  diterramycin , 
streptomycin  sulphate,  streptohydrazid, chloramphenicol ,  neomycin  sulphate, 
erythromycin,  erythromycin  ethyl  succinate,  procaine  penicillin  G, 
potassium  penicillin  G,  oleandomycin  phosphate,  triacetyl  oleando¬ 
mycin,  bacitracin  and  polymyxin  B  sulphate. 

2.  The  polarographic  method  has  been  used  for  the  first  time  as  far 
as  it  has  been  possible  to  determine  for  the  assay  of  tetracycline 

amphoteric,  demethyl  chlorotetracycline  hydrochloride,  calcium 
diterramycin,  erythromycin,  erythromycin  ethyl  succinate,  oleandomycin 
phosphate,  triacetyl  oleandomycin,  bacitracin  and  polymyxin  B  sulphate. 

3.  The  direct  polarographic  determination  of  procaine  penicillin  G 
by  measuring  the  procaine  part  without  nitrosation  has  also  not  been 
reported  previously  to  the  best  of  our  knowledge. 

4.  In  all  instances  definite  conditions  were  established  and  verified 
for  the  satisfactory  analysis  of  the  particular  antibiotic. 

5.  The  polarographic  method  was  not  successful  for  measurement  of 
dihydrostreptomycin,  novobiocin,  nystatin,  viocin  sulphate  and  actino- 
mycin  D  under  the  conditions  used. 

6.  The  degree  of  error  in  most  of  the  cases  was  found  to  be  between 
1.25  and  2.75%  which  was  considered  as  very  acceptable. 
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7.  The  sensitivity  was  found  to  be  as  low  as  5  7/ml  in  most  of  the 
antibiotics  and  as  low  as  2.57/ml  in  the  cases  of  chloramphenicol, 
erythromycin  ethyl  succinate  and  triacetyl  oleandomycin. 

8.  Good  correlation  was  obtained  between  the  polarographic  and 
microbiological  methods  of  measurements  of  the  active  antibiotics. 
Chloramphenicol  could  not  be  degraded  by  stages  and  comparison  was 
not  possible.  Microbiological  comparison  was  also  not  possible  for 
neomycin  sulphate  and  penicillin  antibiotics  since  the  polarographic 
method  of  measurement  involved  hydrolysis  of  the  active  components 
in  these  two  cases.  Bacitracin  could  not  be  compared  since  the 
micro-organism  sensitive  to  this  antibiotic  was  not  readily  available. 

9.  The  polarographic  method  was  successfully  applied  to  the 
quantitative  evaluation  of  antibiotics  present  in  27  different 
commercial  pharmaceutical  preparations. 

10.  The  method  was  found  to  be  simple  and  very  rapid.  Analysis  was 
possible  using  the  preparation  without  prior  extraction  or  other 
analytical  procedures  for  separation  other  than  simple  dilution. 

11.  The  percentage  potency  as  determined  by  the  polarographic  method 

in  all  the  cases  of  pharmaceutical  preparations  was  within  the  specified 
limits  of  the  U.S.P.  and  B.P. 

12.  The  percentage  recovery  of  pure  antibiotics  from  their  respective 
pharmaceutical  preparations  as  determined  by  the  polarographic 
method  was  very  good  and  in  the  region  of  99.00  to  100.7  57o. 
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Appendix  I 

Polarographic  determination  of  the  potency  of  the 
ant ibiot ics in  pharmaceutical  preparations. 
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Appendix  II 


Polarographic  determination  of  the  recovery  of  the 
antibiotics  in  pharmaceutical  preparations. 


In  each  case  the  pure  antibiotic  was  added  to  give  the 
theoretical  amount  present.  The  amount  found  and  the  amount 
recovered  were  then  determined  and  the  recovery  calculated 
as  a  percentage. 
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